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WESTON Junior 
Portable 
Test Instruments 





The amount of power wasted through gear misalignment 
at one machine may not be serious today . although 
tomorrow, it can be wasting as much as 5% of the trans 
mitted power .. . and a few days hence a costly breakdown 
follows. But add to this loss from one gear box simil 
power losses from other machines ... and from tight o 
loose belts, shaft misalignments, over-loaded motors, wor 
impellers, bearing friction, ete. The accumulation of thes 
losses becomes a sizable sum. 

All of these losses can be eliminated .. . full utilizati: 
of the transmitted power at every point on the producti: 
line can be assured .. . with inexpensive WESTON maint 


nance tools. A quick, periodic check of all electrical unit 


with Weston Junior portable test instruments instant 
signals any potential trouble, and permits correction befor 
serious loss occurs. And in most cases, the detection of 01 


leak saves more than the cost of these instruments. 
Weston Junior Instruments are small, compact, rugge 
and inexpensively priced, yet they have the full depe: 
5 7; ’ ability which the name Weston implies. They include D 
FAS: WI La iAs instruments, AC instruments and single phase Wattmeter 
Ask for complete literature . .. Weston Electrical Inst: 
ment Corporation, 591 Frelinghuysen Ave., Newark, N 
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for Army 





Bakelite Molded housings and mechanical and electrical parts for 


Pioneer Army and Navy-type aviation instruments. 


j NSTRUMENTS designed for Army 
_ and Navy aircraft service must 
possess enduring accuracy. Itis sig- 
nificant that Bakelite materials are 
employed for many vital parts of 
these precision instruments. 

The above group is typical of hun- 
dreds of Bakelite Molded instru- 
ment parts, used not only in govern- 
ment service, but in all branches 
of industry. Included are an instru- 
ment case, fuel gauge, air speed 
indicator and compass front plates, 
electric plug and lamp bracket. 

Characteristics of Bakelite Mate- 

Re ods Oe C On PO RA 

AKELITEI CORPORATION oO! ( 


ANADA, LIMITED, 163 


rials that contribute to the unchang- 
ing dependability of instruments 
are their mechanical strength and 
toughness, low coefficient of expan- 
sion, stable electrical properties, 
and high resistance to moisture, 
heat, fumes, oil and distortion. 
Technical men are invited to 
familiarize themselves with the 
several different types of Bakelite 
Material now finding wide applica- 
tioninthe bettermentofinstruments. 
Write for booklets 37M.“ Bakelite 
Molded”, 37L, “Bakelite Lamina- 
ted”, and 37V., “Bakelite Varnish”. 
ION, 247 PARK AVI 


Dufterir 


trode marks shows ebore distinguish moteriols 


by Bokelite Corporotion. Under the copitel “8” ls the 
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MATERIAL OF 


Street, Toronto, 





A THOUSAND 


‘ustruments of Enduring Accuracy 


and Navy Service 





Pioneer Navy-type Fuel Quantity Gauge 


with case of Bakelite Molded. 





si sf | 
Pioneer Rotatable Air Speed Indicator 
with case of Bakelite Molded. 





{rmy-type compass, with Bakelite Molded 
parts. Made by Pioneer Instrument 
Company, Inc., Brooklyn, N. } 

U E, NEW ¥ ORR, 1 Bo ot 


Ontario, Canada 
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IN THIS isSsvUE 


Is there such a physical property as 
“hardness”? No one is better qualified to 
swer than a physicist who in the last 
quarter-century has made many notable 
mtributions to tpis topic But Professor 
Williams, too wise to blurt out ves or no, 
chooses to point out the heretofore un 
preciated division of “hardness” meas 
urements into four distinet factors, two 
them related to the penetrator and 
only two being physical properties of the 
specimen. He hints, however, that there 
may be “positive” ways of measuring 
‘absolute’ hardness. His article, undoubt- 
edly a milestone in the progress of me 
chanical testing, may likewise mark the 
long-awaited turning-point from arbi 
trary to rational methods. 


Has Jnstruments an altruistic mission, 
entirely apart from its existence as a 
business enterprise? It has several, and 
one is to promote highway safety by 
publishing articles on using instruments 
for improving the various factors in 
volved— psychological (driving-skill, ete.) 
elements and purely physical elements. 
I'rom time to time we have secured ex 
clusive disclosures, but it is natural that 
the SAE should in most cases have first 
call, and it was before the SAF. that 
Messrs. Bockius and Hunt presented 
their notable paper on brake drum and 
lining developments. The original paper 
ran to 17 pages in the S4E Journal; the 
irticle which we are privileged to pub 
lish covers only the “instrument part” 
but this part is most significant. 


R. R. Bateher describes this month 
irious cathode-ray tubes for uses other 
than oscillography. 


The “control” part of the electrical 
measurements and control serial con 
tinues, with discussions (due to Perry 
Borden) of some types for which there 
is a great future. In last month’s instal 
ment the G-E “GDA” regulator was dis 
ussed with others under the title of 
“carbon-pile’—and_ this drew protests 
from several G-Engineers: one wrote us 


that “to call its resistance element a car 


bon pile is like calling a Lincoln Zephyr 
Model T.”. . . Sorry! 


CONTRIBUTE! 


1} S.R. WILLIAMS, member of Justruments’ Editorial Advisors 

Board, whom we take ple isure in appointing Guest Miditor 

appointment which will surprise him as much as the receipt of 
his flattering letter surprised us 


To the Readers of Jnstruments: 

From several “blurbs” which the Editor of Jnstru 
ments has been good enough to publish as emanating 
from our laboratory, | am surprised to find how wide 
circulation Jnstruments enjoys. Letters of comment on 
the aforesaid articles have come in, not only from North 
America, but from European countries as well. 

This leads to a plea that the large mass of information 
collected by investigators in private and commercial labo 
ratories and which is lving unused in many instances, 
should be sent to the Editor of Znstruments for his con 
sideration as material for publication. Put the material 
into circulation. Often there are shop practices in meas 
urements and the use of instruments which would be most 
useful to others. Why not put such information into a 
note and send it to Major Béhar? W ~ he puts two blue 
pencils over his ears and a red one in his hand, he can 
take extremely poor manuscripts (as a Writer can testi 
fy) and make them into delightfully readable articles, 
which will go to the four quarters of the earth in the col 
umns = Instruments. Not only will you be helping the 
rest of us but vou will be helping Jnstruments keep up 
and iat its position as a medium of laceaae of 
thought on the important subjects of Methods of Nleas 
urements and The Technique of Instrumentation. 

Although Editor Béhar has an unusually liberal policy 
in regard to material for the columns of Jnstruments, 
sacle someone must make a final decision regarding 
what shall go in, and the Editor must make that decision. 
Major Béhar may turn down material submitted for pub 
lication, but this in no way says it is not good material 
Merelv does it state that in his judgment it has been cov 
ered in some other article or is best served by some other 
publication. The point is:—keep an uninterrupted flow 
of articles (long and short) to the editorial desk so that 
there will be a chance for selection of the best. Yours may 
be among this material. Do not forget to include good 
photographs if you happen to have them as they help to 
make clear the methods of measurements. 


Amherst, Massachusetts, Cordially, 
July 27, 1930 S. R. WILLIAMS 


= i 
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No. 13—-CLIFFORD AYLWARD HAHN, Chief Engineer 
No. 14—JOHN STEWART GIBSON, Combustion Engineer 


No. 15 
No. 16 


H. J. HEINZ CO. 


HROUGHOUT the 
Heinz empire of 21 factories 
in North 

of workers use 
dentally ; 


dieticians and laboratory technicians 


America, thousands 

instruments inci 
hundreds of engineers, 
work purposefully with instruments ; 
but the company subscriptions to In- 
struments are anonymous, so that 
when we visited the huge Pittsburgh 
plant (30 buildings, 3000 « mployvees ) 
we had quite a job selecting “typi 
cal” readers: should we assemble on 
this page a group representing the 
various “divisions” or the various 
“product departments” (virtually in 
dependent factories) or the various 
“service departments” (engineering, 
quality control, ete.)? Should we 
pick out one reader at random? Or 
should we take a “team” from one 
de partment a 

Learning that most copies of In 
struments were routed through the 
Engineering Department, we decided 
upon the last-mentioned idea, and 
now take pleasure in introducing to 
vou a “‘ve rtical section” of this 170 
man department—from staff captain 
to buck private. 

Born in New York in 1890, Hahn 
took his B.S. in C.E. at Brown: and 
then post-graduate work at Brook 


Ivn Poly and Columbia while em 


PRINCIPAL APPLICATIONS OF INSTRUMENTS 
AT H. J. HEINZ CO 


Power Plants—48 ct« flow i stor nteg 
I “ in an t il t 
ne 1 I is @ Cast Ver 
V-N t er fee r ators and recorder 
wr I i f zers 
S era I 
I rs 8 era i 
water ling and pre-heating 
Departmental Distribution —26 electric steam flow 
i ul ntegra n kitcher nd pr gait 
1 I ndicatiz \ et 
nd d 1d ner 
nit ul and ig 
al n men 
n cor 
I ke 


Glass Manufacture T 


Laboratory and Inspection 
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far-flung 


(“The 57 Varieties ) 


By M. F. BEHAR 


ployed as designing engineer and in 
structor. In 1915, while on the tech 
nical staff of New York 
Board of Estimate and Apportion 


ment, he became closely associated 
with Robert Moses, then Director of 
the Bureau of Municipal Research. 
This association continued during 
the war when Moses went to. the 
U. S. Shipping Board, Hahn be 
coming Production Manager at Hog 
Island in the building of the famous 
“Bridge of Ships,” and Member of 
the President’s Council. After the 
war Hahn joined the Chief Engi 
neer’s Staff of Stone & Webster and 
aided in the design and operation of 
some of the world’s biggest power 
plants. In 1928 he accepted the posi 
tion of consulting engineer with H. J. 
Heinz Co. in the Pittsburgh office 
where the supervision of all tech 
nical as well as operating activities 
is centered. Always instrument-con 
scious, he initiated the studies re 
sulting in the first process-time con 
trollers in this business. His respon 
sibilities are so many and varied that 
after spending nearly a whole day 
with him we had only caught a few 


glimpses. One glimpse: backstage in 
| ] ~ 


HAHN GIBSON 


EDWARD HARRISON CONNOR, Ass’t to Chief Eng. 
JOHN R. WILLIAMS, Instrument Maintenance M 


PITTSBURGH 


the company’s auditorium (P 
burgh’s finest), the new $60,000 | 
set lighting control board which 
alone deserves a two-page article. 

Born in 1903 in LaFargeville, \ 
Y., Gibson attended Syracuse and 
Rensselaer Poly, taking his M.E. in 
1926. After public-utilities exp 
ence he joined the Heinz Co. in 1930 
as a draftsman. Now, as combust 
engineer, he heads the heat, lig 
and power section of Hahn's d 
partment. 

Connor, too, is a native of New 
York State (Syracuse, 1891). At 22 
he joined the Heinz Company and 
was first assigned to time keeping 
and job-cost work, then to drafting 
and layout. Now, as Assistant to 
the Chief Engineer, he lays out pro 
essing equipment and supervis 
maintenance. 

A native of Johnstown, Pa., Wil 
liams is a fine example of an instr 
ment mechanic who believes in ed 
eating himself, buying techni 
books and magazines out of his ow 
wages and studying them so well 
that he can calibrate orifices. 

One last word: Before we u 
Hahn we were told by Public 
Director Laufman that “The 
with the 


Heinz.” 


instruments is boss 





WILLIAMS 


CONNOR 

















HE MONTH'S NEW 





Remote-reading Flowmeter 


; total weight being <5 Ibs. and its 

being 0-100 g.p.h. (calibrated for 
ve density and viscosity of aviation 
ine) this new flow-rate telemetering 





l Rece:ver- Side View 


2- Receiver Dial 


3-Transmitter 
A. Wiring Connection 
B. Auto-Syn Motor 
C.Vane-type Flowmeter 





system Was especially designed for air 
craft use, but is suitable for other appli 
cations where small flows are to be in 
dicated at a distance. In fact, since pri 
mary metering element is of vane type, 
system. is applicable: where gravimetric 
rate (rather than volumetric rate) is 
desired to be continuously indicated. 
Meter-and-transmitter assembly may be 
mounted in any position. Telemetering 
system consists of a pair of “Auto Syn” 
position-motors, operated from  32-volt 
60-eyele supply provided by tachometer 
shaft-driven generator. Pressure drop 
through primary metering element < 0.33 
lb./in.2 at max. flow rate. Calibration is 
practicable without disassembly.— [eclipse 
Iwiation Corp., Kast Orange, Ww. 


Optical Flats 
Three classes of optical flats are an 
nounced, all with one surface polished 
to 1, wave-length, the other polished for 
clearly viewing the interference fringes: 
1) Fused quartz flats, 2” diam., inap 





reciable temperature coefficient, con 
ining some minute bubbles. (2) Pyrex 
lats, 4” diam., temperature coefficient 
egligible for most purposes, some stria 
iracteristic of the material. (3) Plate 
lass flats, 4” diam., for use where temp 
rature is controlled.—Mann Instrument 
rp., 10 Arrow St., Cambridge, Mass. 


In this department we strive to re- 
port each month ALL the new devices 
for measurement, inspection, testing, 
metering and automatic control—in 
the form of concise technical descrip- 
tions. 

When writing to manufacturers 
directly, please mention this depart- 
ment as your source of information. 

Or write to Information Section, 
Instruments Publishing Company. 





Low-sensitivity Controllers 

New “Master Free-Vane Controllers” 
for temperature, time-temperature, flow, 
liquid level, pressure, time-pressure, and 
humidity are offered primarily for ap 
plications where a greatly reduced sensi- 
tivity (wide throttling range) is re 
quired and the load conditions fluctuate 
over a wide range. New model employs 
“Free-Vane” design of air pilot (see In 
struments, Jan. 1932, page 9). It is simi 
lar in many respects to the “Ampliset 
Controller (see Jnstruments, June 1936, 
page 156). The basic Free-Vane system 
is equipped with a_ sensitivity adjust 
ment, an automatic reset, and accessory 








features which are said to minimize 
hunting; to prevent departure from con 
trol setting; to make it possible to reach 
a new control setting without over 
shooting; to permit adjusting the anti 
cipatory effect to fit the process lag and 
adjusting the resetting mechanism to 
function in an amount proportional to 
the rate of change in the process. It is 
said to be designed to compensate auto 
matically for each of the disturbing ele 
ments in industrial processes that, from 
time to time, have a tendency to upset 
the true function of the control system 
It is said to make it possible to obtain 
precision control on extremely difficult 
applications without assistance from the 
operator.—The Bristol Co., Waterbury, 


Conn, 
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Hardness Tester 
Well-detined square impressions, per 
mitting unusually close measurements, 
ire produced by pyramid-shaped dia 
mond indenter of new Diamo-Brinell 
hardness testing machine said to be “the 





most accurate ipparatus for testing all 
kinds of metals,” being applicable to 
hard and soft metals and alloys. Load is 


ipplied by a system of weights and 
levers. Time of load application, auto 
matically controlled, is always the sam 
Iintire operation is said to be “practical 
ly automatic” by virtue of buzzer and 
light signals which assure correct. set 
tings, and of an arrangement whereby 
stage is lowered and microscope swin 
exactly over impression ind swings back 
when a eatech is disengaged. Diagonal 
is measured to 0.001 mm.; charts and 
tables permit expressing result in con 


; 


ventional hardness numerals. Max. test 
load, 120 koe. Max. clearance, 25”: rap, 
Hi)! Pittshurah Instrument & Machine 


Co., 1026 Reedsdale St.. Pittsburgh. Pa 


Portable Volt-wattmeter 


In this new combination volt-wattme 
ter (of maker's “ I'y pe \P-9” series of 
portable instruments) consisting of 


voltmeter and a wattmeter fitted into a 





standard AP-9 case, either rating m 

be used by throwing a switch located 
on top of instrument. Overall accuracy 
0.75% of full-scale value. Instrument has 


magnetic damping and the new Permaloy 
moving vane; and is shielded from stray 
magnetic fields. Case is of Textolite 

General Electric Co.. Schenectady, N } 
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The Mark of 
Effective Control 


Process Control for sensitive. stable 
automatic control of temperature, 
pressure, liquid level,flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly,without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
lerger. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators. Described 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft, pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 


cating, recording and 





integrating the flow of 


Control Drive 


steam, water, sew age, 
air, gas and other fluids. Bulletins 
No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts, liquid level and other 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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“Depthescope” 


Importance of ability to judge dis 
depth brought out by 
DeSilva in_ his 
Measuring Driving Skill (/ustruments 
\pril 1936, pages 101-108). For deter 
mining presence or absence of binocular 


tance and Was 


Professor article on 


vision and depth perception; for meas 
uring depth perception, and for develop 
ing it, the “Higley Depthescope” 
employs illuminated and = adjustable 
targets. (1) Binocular test: The 
driver is seated before the instrument 
shield is adjusted to keep 
light. A septum is then 
turned in place before one eye. A light 
is turned on in the instrument and the 
driver is required to state the depth 
position of the targets, which have been 

far forward 


new 
TUSLOn 


and an eve 
out extraneous 


irranged so that one is as 
ind the other as far backward as possi 
ble. Having only vision, the 
driver cannot perceive depth or he will 
ittempt to describe the apparent 
tion of the targets from the appearance 
of size. The septum is then turned to a 
driver if he 
able 


monocular 


pos} 


neutral and the 
has depth perception, 
easily to distinguish the different depths 
of the targets. (2) Depth 
measurement: This is done with two tar 
gets. One, a LQ mum 
from the back of the instrument, or 500 
mm. from the eye of the observer. The 


position 
should be 


pe rece ption 


“bird” target, is set 


septum is set at neutral, while the oper 


itor moves a “man” target forward 
thout 35 mm. He informs the driver 
that this target will be moved slowly 


backward and requires the driver to in 
dicate where the “man” and the “bird” 
targets seem to be exactly in line. Depth 
interpreted in 
parallactic angles, so that a driver who 


perception readings are 
has normal depth perception will record 
(3) Depth 


done by 


1 parallactic angle of 60”. 
perception training: This is 
showing the driver the exact position of 
the characters and the relative positions 
of the and “bird” The 
“man” is placed ahead of the 


“bird” 


“man” targets. 


target 
target as 


much as possible and 








the driver instructed to remembe 
fact. Then, the targets are moved 
and forward, creating a 

parallax. By repeating this pro 
depth perception is developed.—/ 
\ Lomb Optical ('o., Rocheste r. N 


ward 


Potential Indicator for 
High-voltage Lines 
For continuously indicating (1) 
er high-voltage line is energized or 
ind (2) relative phase position for 




















chronizing two or more lines, thy 
A. v 
2 . 
al a 
ZA 
y 
/ ° 
ah 
¢ ~ ~ = 
a 3] 
uy 
Warrier rots, 
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A. High-tension conductor 
B. Metal cap 

C. Coupling transformer 

D. Instrument 








“Hipot” Indicator consists of a cou 
unit mounted in a calculated relatior 
the high-tension conductor, and a. rect 
fier type d@Arsonval milliammeter. Curs 
metal plate on top of the coupler fort 
the center plate of a capacitor, the | 
outside plates of which are the hig 
tension conductor and the ground. ‘The 
charge accumulated on the plate IS COI 
ducted through the high impedance 
mary of a coupling transformer 
ground. The current from the transfor 
er secondary is led through conduit 1 
the station control room and. to t 
instrument. This new indicator does 
depend upon connection to the insul 
string or bushing but 
from the electrostatic field surrounding | 
high-potential conductor by means ot 
coupler unit mounted at a safe distal 
The minute currents available are amy 
fied in a tuned transformer circuit 
rangement to produce an output curre 
of correct value and phase position 
the operation of indicating instrum 
or sensitive relays. Synchroseope: Si 
output of coupler unit corresponds 
phase position as well as in voltage \ 
to the high-voltage line, the outputs 
two units on corresponding phases 
two sources of supply may be “bhucl 
ind the resultant voltage, as indica 
‘proportion il 


derives its ener 


on the instrument, is 
the instantaneous phase displacement 
tween the two supply generators. I! 
thus possible to synchronize across 


high-tension circuit breakers. Inst 
ment is furnished normally with 
studs and no switches, but parall 


switches can be built into case and s 
studs added. switches 
synchronizing any one of f 
line on which the 
Roller-Smith 
New York ¢ 


ficient Two 
permit 
other lines to the 
dicator is connected. 
Woolworth Blda.. 














Pocket Force-measuring 
Instrument 


warily designed for measuring the 
of threads in textile machinery 
thread ends are not accessible, this 
called “Micro-Dyn’—though es 

lly a spring scale—differs from 
ht-pull scales in that the measured 
rectional force vector is converted 

. torsional effect. For example, to 
mine the proper setting of the 
d-tensioning device in a sewing ma 

it is only necessary to. straddle 
thread with the forked spindle and 
entire instrument to the right 

s locking the thread in cross slots 
vottom of fork) and to continue ro 
until the thread is wrapped in a 

e laver of one or more turns. Ten 
of thread may then be read by 
ting or pulling down on entire instru 
nt until slipping occurs in the thread 
ioning device. The range is “0-50” 
d the maximum reading corresponds 


Close-up of 







General View 
from Dial End 


to a foree of 50 oz. tangential to the 
vlindrical surface of the spindle (as is 
the case when measuring the tension on 
thread of negligible diameter). ‘The 
levice may be used as an indicator or 
Ss a maximum-registering instrument, 
onversion from either type to the other 
eing effected by a thumb-lever. Princi 
pal use of maximum-registering feature is 
determination of breaking strength o/ 
textile threads. Attachments adapt the 
Micro-Dyn to numerous uses involving 
easurements of small forces: determin 
tions of miniature-motor torque, e'ec 
tromagnet pull, relay pull, coefficient of 
friction, viscosity of pastes, ete.; also 
djusting delicate mechanisms. Toledo 
e Co., Toledo, Ohio. 


Seca 


Beat-frequency Oscillator 


\ new variable audio oscillator oper 
ting on the beat frequency principle is 
ompletely self-contained and has a di 
ct-reading dial. Applications include 
easuring receiver and audio amplifier 
delity, testing speakers and cabinets for 
owl and using output as a sweep fre 
juency for cathode-ray oscillograph. 
Fixed frequency oscillator consists of an 
corn type tube operated in an electron 
coupled circuit at 350 ke. Variable fre 
juency oscillator is also an RCA-954, 
perated in an electron coupled circuit 
er frequency range 335-350 ke, the 
iriation being accomplished by a tun 
ng capacitor attached to the main dial. 
The output of each oscillator stage is 
ombined and fed into a_ self-biased 
RCA-955 detector which extracts the 
idio frequeney and rejects any r-f fre 
juencies present. The output from. the 
letector is fed into the output amplifier: 
n RCA-955 fixed bias amplifier having 
utput control in grid circuit and a 





TPUT AMPLIFIER DETECTOR POWER 
RCA-9S5 RCA-955 TRANSFORMER TRANSFORMER 





i 
SS” VARIABLE FREQUENCY — FIXED FREQUENCY \ 
OSCILLATOR COIL OSCILLATOR COW = RECTIFIER 
ouTPUT AND TUBE ASGEMA@LY AND TUBEASSEM@LY TUBE 
TRANSFORMER REA 954 RCA- 954 RCA- 84 


statically shielded output transtormer in 
plate circuit. This) transformer is) de 
signed to operate into center-tapped 
loads of 250, 500 and 500° ohms imp 


dance. Max. output, 60 mw.; overall dis 


tortion at 60 mw. external load, 7 
it PO mw. ex. load, 5%: calibration 
iccuraey at LOOO eveles, 5%; power re 


quirement, 110-120) volts, 50-60) cycles; 
dimensions, 98, G14,° } : weight, 
103, Ibs RCA Parts Div., RCA Mfaq 
Co., Ine... Camden, N. J. 


Ranger-examiner Signal 
Generator 


Individually calibrated) plug-in’ type 


coils, said to set “a new st indard of ol 
taining laboratory ICCULACY it low cost,” 
ire used with the new “Model 557” 





ranger-examiner all-wave direct-reading 


signal generator. These coils are supplied 
for each of the present five frequency 
bands from 100 to 18,000 ke, all funda 
mentals. Kach is individually calibrated 
by peaking with an integral trimmer 
capacitor. Guaranteed accuracy 1% for 
broadeast and intermediate bands, 3% 
for short-wave bands. Instrument is said 
to be completely shielded for statie and 
magnetic fields, comes in black leather 
ette case Readrite Meter Works, Bluff 
ton. Ohi 
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Highest oe Quality 


Standard 
INDICATING INSTRUMENTS 
ACCURATE DEPENDABLE 
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NEW, SQUARE CASES, IN ALL A. AND 
D.C. RANGES FOR PANEL MOUNTING 
ACCURACY WITHIN 112” 





SWITCHBOARD SIZES FOR ALL SORTS OF 
SPECIAL USES. 





MINIATURE EDGEWISE SAVE MOUNTING 
SPACE, HAVE LONGER AND LARGER 
DIALS. 


THE HICKOK ELECTRICAL 
INSTRUMENT CO. 


10514 DUPONT AVE., CLEVELAND, OHIO 
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INCREASE 
BOILER EFFICIENCIES 


REPUBLIC CO, METER 


The latest developments in the 


measurement of CO» are incorpor- 


ated in this new design of Republic 


CO. Meter. 








The redesigned RepublicCO» Meter 
incorporates the following important 
features: 


e 
I CO» 
() 
€ 
M 
t 
‘ 
o 
1 
i 
¢ t ] y 14 
This elimi 
t 
y \ 
‘ ce 
- 
l R Meter is drive 
] rn \ 
i it 
iti 
e 
A f the S e re 
es sO) é e 
eache 
e 
The ’ : . | i. 
enou ot t st a 
6 S 
a 
I ‘ t 4 
‘ ite eces 
frequent I 1 
tir 
& 
Hundreds of companies have 
1Sé d tl e Rep tblic CC Yo Meter 
y vears and recognize 
1s st j j e : 
i eas € (*() 


Data Book 403, just published, 
gives complete description. 


Mailed on Request 


REPUBLIC 
FLOW METERS CO. 


2249 Diversey Pkwy., Chicago, III. 
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Rigid-stem Air-operated 
Temperature Controller 


‘Total range extends from LOO’ F. to 
900°F., the desired working range being 
obtained by (1) a resetting screw which 
determines its mid-point, and (2) a sen 
sitivity idjustment which determines its 
width, i.e., the number of degrees differ 
ential at stem between open and closed 
positions of controlled valve. Hence, this 
new instrument has been designated the 
Ht & B “All Range” ‘Temperature Con 
troller. Stem is a tube of KA-2 alloy, 
of which the total expansion is used, cen 
tral rod having a negligible temperature 
coefficient of expansion. For best results, 





therefore, full length of stem should be 
exposed to temperature to be controlled 
Operating medium is clean air or gas at 
15 Ibs./in.? constant pressure, quantity 
required for operation of diaphragm 
motor valve being <8 ft.°/hr. One fea 
ture not found in other air-operated 
controllers, it is said, takes the form of 
i “throttling needle” whereby the con 
ventional flapper is modified into a slow 
bleed device. This, in connection with 
lever-length adjustments, makes it pos 
sible for user to regulate speed of opera 
tion of diaphragm-motor valve. Conver 
sion from direct-acting to reverse-acting 
requires only reversing one lever. Safety 
provisions in design and construction 
prevent damage to controller parts in 
event of large sudden’ temperature 
change at stem.—B. O. Bushnell 
{nderson St., Los Angeles, Calif. 


Autographic Elongation Tester 
For Yarns, &c. 


Tensile and elongation tests of fine 
yarns, etc., are semi-autom itic, and their 
results recorded automatically, with new 
“Model I-P-5 Incline Plane” testing ma 
chine available in dual capacities of 0-251 
& 0-500 g., or 0-0.5 & 0-1 Ib. Drive is by 
mercury dashpot. Stylus is commercial 
fountain pen. Initial tension device as 
sures placing ill specimens under iden 





tical conditions. Standard machine 

samples < 10"; may be specially arr 
for longer specimens. Furnished wit 
accessories in carrying case.— He) 

Scott Co., 101 Blackstone St. P 
de HCce, R. Fr. 


Metals and Minerals 
Polishing Machine 


New model Graton-Vanderwilt 
holder polishing machine, in connec 
with Graton-Vanderwilt method of sp: 
men production, is said to achieve « 
bination of (1) surface sufficiently 
for simultaneous sharp focus of all cor 
ponents in field of high-power mic: 
scope, and (2) complete absence of 
lief” at grain boundaries when compo 
ents are of different hardness. New 1 
chine is a completely self-contained uni 
its chief design feature is effective 
closure of polishing laps and speciny 
to prevent scratches by random particl 
of abrasive dusts, with an oil drip fe 
to keep laps at proper state with 
opening guards. Guards are transpar 
It is said that the various stages 
coarse and fine grinding can be done 
one machine but it is added that in « 
laboratory at least one machine sho 
be reserved for final polishing. Compl 
time of grinding and _ polishing of 
specimens, by methods advocated, is | 
to 2 hrs. for six specimens. Machine 
Bakelite mounted specimens (mount 
can be done by makers) and, in « 
of friable materials, impregnated spe 
mens._-Mann Instrument Corp., | 
row St., Cambridge, Mass. 
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\liniature Traveling Recorder 


recording on a 6-hour or 12-hour 


the temperature inside a bottle or 

f beverage as it passes through a 
eurizer or other processing appara 
this new size traveling recorder has 
developed for use in pocket type 
teurizers and other equipment where 
e is limited. Chart size, 4”; dimen 
161,” X 614” X 838”; three styles 
onnections for the latest standard 
tles and eans.—C. J. Tagliabue Mfg. 
Park & Nostrand Aves., Brooklyn, 


Sound-level Meter 


\ new sound-level meter has been 
developed to provide performance in ac 
cord with the newly adopted ASA stand 

rds. Special precautions are said to 
have been taken to make the amplifier 
unit suitable for use in the neighborhood 
of electrical machinery where stray mag 
netic fields are common. ‘The microphone 


is «a small, nondirective, piezoelectric 
type, with practically flat frequency re 
sponse <8000 cycles, shielded against 


stray electric fields, and unaffected by 
stray magnetic fields such as those usual 
ly surrounding electrical machinery. The 
)-stage amplifier is resistance-transform 
er coupled and has special small-size, 
low-drain tubes mounted in shock-redue 
ing sockets. A switch permits the selec 
tion of either a flat-frequency response 
to measure sound intensity, or a weight 
ed response which approximates that of 
the ear at a loudness of 40 db. Indicator 
is calibrated to read in db above the 
standard reference level of 10-!° watts 
cm.? at 1000 cycles. Range is 30 to 120 























db. Jacks are provided in a 500-ohm in 
ter-stage circuit to permit use of auxil 
iary equipment (analyzer, vibration ve 
locity unit or special filtering and control 
circuits). A receptacle is provided for 
connecting external batteries where in 
strument is to be used on permanent lo 
cation. A simple mouth-blown calibrating 
unit serves for overall field calibration. 
Factory calibration is obtained by plac 
ing the microphone in a_ standardized 
sound field. Outfit comprises microphone, 
tripod, calibrating unit, and batteries; is 
contained in a metal case 153,” 91 
81,” 3 carrying weight approx. 39 Ibs. 
General Electrie Co., Schenectady, N 


Recording Thermometers 


Developed especially for industrial 
service, these 10” chart recorders have 
interchangeable thermal systems readily 
removed and replaced in the field, and 





the helical pressure-spring of each ther 
mal system is “cartridge-sealed” for com 
plete protection against dirt, moisture 
ind damage from handling. Absence of 
multiplying linkages is another feature, 
helix directly driving shaft of pen-arm 
and zero adjustment being made by ro 
tating entire helix within cartridge. This 
rotation is effected from front of instru 
ment panel by means of a screw-driver 
inserted in slot on face of an 8-tooth 
pinion meshing with a 16-tooth gear, to 
hollow shaft of which one end of helix 
is attached. (Pinion and gear are ex 
posed but inner end of gear hollow shaft 
is within sealed cartridge.) Standardized 
forms of bulbs are available for meas 
uring flue gas temperatures, average 
temperatures of large areas, tempera 
tures in open vats or tanks, closed tanks 
under pressure or vacuum, pipe lines, 
refrigeration systems, drving rooms, 
ovens, kilns, air ducts, insulated tanks, 
ete. 39 ranges are available between 


limits of 20°F. and 1000°F., mini 
mum length of any chart range being 
90°F. or 50°C. All charts are evenly 


graduated. Max. tubing length is 200 ft 
and instrument is said to be so compen 
sated that effects of temperature change 
on capillary may be disregarded. Instru 
ment is mounted on a 16” 16” black 
steel panel; aluminum bezels; dust-proof 
door: automatic pen lifter and non-remoy 

able chart knob: electrical or mechanical! 
clocks. One, two or three records may 
be obtained on a single chart: records 
other than temperature may be flow, 
COz, draft, pressure, ete Repul lie 
Flow Meters Co., 2240 Diversey Park 


way, Chicago, Ill 








SENSITIVE 
D’ARSONVAL 
RELAYS—TYPE “S” 


Sensitivity—!g Micro-Watt (each 
side of center). 

Coil Resistances, 12.5, 50, 200, 540 
ohms. 


Contact capacity, 0.1 Amp. at 10 





volts. 
N ; 1 pplied P 
supplied wi 1uxilia 
lant at eat . 
e€lect Ul Clad L¢ « S¢ ce 
tact capacity. See illustration. Also 
turnished with special energy trans 
ter increase ict pre 
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G-M LABORATORIES [NC 


1732 Belmont Avenue, Chicago, U.S.A 
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“AUTOSYN 


Self = Synchronizing Motor 





od 5 


OTOR ff 


eR NO 8 


ROOKL YN NEW ORK 








ryPpE 7/69B 


ACTUAL SIZI 


Type 769B, the smallest self- 
synchronizing motor manu- 
factured, is suitable for a wide 
variety of remote indication 
applications. Slight move- 
ments of sensitive elements 
such as diaphragms and Bour- 
don tubes may be instantly 
and accurately transmitted to 


duplicate or triplicate indi- 


Ccators. 

Size—23 diameter x 234” long 
We etght 10 ounces 

Current—.16 amperes 
Voltage—32V. A.C.—60 cycle 


Power consumption—2 Watts 
Heat Rise—15 C. 
Peak Torque—40 Gram. Cm. 


Maximum lag — approximately 1% 


Degrees 
Shaft Diameter 1/16” 


Ball Bearing Equipped 


PIONEER INSTRUMENTS 


Pioneer Instrument Company, Incorporated 


BROOKLYN, NEW YORK 


Subsidiary of the Bendix Aviation Corporation 
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Tester for Plastics 
New 


bee n 


“Dynstat” 
especi illy 


testing machine has 
designed for test pro 


cedures recommended by German vov't 


bureau in 


materials-testing report by 





Schob, Nitsche and Salewski which dis 


closed) erroneous” results of applying 


classical hard-material laws and ordinary 
procedures to mechanical testing of plas 
tics. “Dynstat” is said, moreover, to per 
mit) making 


every mechanical test to 


which makers and users of insulators 
ind other molded materials attach sig 
nificance. For determining impact 
strength two hammers permit tests of 


0-10 em./ke. and 10-20 em./ke. working 
capacity, from drop angle of 60° or 90°, 
For the bending-strength tests the ranges 
ire 0-5, 0-9.8 and 0-40 em./ke. For de 
termining impact bending strength, speci 
men is placed on an anvil of special de 
lowed to fall 
free from a pawl. An idle pointer on the 
left then indicates the rise of the pendu 
lum on the corresponding seale after the 
Impact and provides i reading of the 
energy 


sign and a pendulum is 


ithbsorbed. For static bending test, 


specimen is clamped on rotation axis of 
machine, subjected to bending by turn 
ing center part of seale dial, to which 
it also is secured, by means of a crank 


ind worm gear. This causes pendulum 
to move to the right, and value of bend 
ing movement is measured to the right 
hand idle pointer. Testina Machines, 


lne.. ow, i4th Sf.. New York City 


Radio & Audio Oscillator 


Said to be the only 
meter-equipped oscillator outfit available, 


popular priced 


this instrument comprises two oscillators, 
1 2-range decibel meter, output ratio 
control, built-in power supply, r-f. cor 
rector and other auxiliaries. Tubes: types 
41, 6C6, 6D6 and LV, latest 6-volt heater 
their normal 
rating. Circuit: The variable r-f. circuit 
utilizes the type 41 pentode as an elec 
oscillator 


type, are operated below 


tron-coupled high-stability r-f. 
This oscillator circuit is continuously 
variable from 85 ke. to 25 Me. in = six 
ranges, each marked on main tuning dial 
ind extending over 7” of seale length 
\ type 6C6 is used interchangeably, as 
i negative resistance oscillator, at 400 
evcles or at 
When 
its output may be used to modulate the 
r-f. carrier at approx. 50%. When used 
it 150 ke. it is used to beat against the 


i fixed frequency of 150 ke 


used as the 400 cycle oscillator, 


main oscillator to provide a variable a-f. 
ipprox. 11,000 eveles. A 
type 6D6 tube is used as a demodulator 
mixer for mixing the outputs of the two 
oscillating sections, and providing a de 
coupling amplifier to isolate the input 
from the output circuit. It 


from zero to 


also acts as 


an amplifier and amplifies output 


volts. The type 1V tube is ah 
cathode type rectifier and is used t. 
fy the a.c. supplied by the secon 
transformer. R-f, 
micrometer band spre 
data 


becomes 


the power 
permits 
with calibration 
racy of 
0.2%. An external 
modulator is 


supplic ad, 
better 


electronic frei 


oscillator 


available for osei 


use. Dimensions 11” Oo” S< §1 
Hickok Electrical Instrument 


Dupout Ave., Cleveland, Ohio 


i 


Simplified Outfit for 
Photomicrography 


\ny microscope user, with 
knowledge of amateur photograp! 
make records of his work by et 
new “Microdak.” The outfit COl 
21," XBY,” roll f 


L Camera using 
having a fixed-focus lens and 


with provisions for bulb and _ tir 


posures; a light-lock to shield the 
scope evepiece ind ¢ unera lens: 

et for holding the camera; a sup) 
the camera and bracket, which f 
the stage of the microscope ; ind 
terweight that attaches to the 
scope hase pL 
with “Microdak,” subject is illun 
and microscope focused in usu 

with a Light lock 

placed over eve-piece and camera 
cated that lens will assume positir 
cupied by eye in focusing. An ex 
of proper length is then made. N 


relaxed eve. 


required, photonic rog 


being 
made in ordinary 
Rastman Woda 


room 
can be shops, 
ind laboratories, 


Rochester, N. if 


In making photomicrog 























self-operating Controller 


iple, characteristics, and con- 
mn features of original model 
een described here (see lnustru 
May 1934, page 97). While retain 


> 


} YC { 
ORIGINAL 
INJECTION TYPE 


VARIATION IN 


f} TEMPERATURE OF 
| BULB (8) INSTANTLY 
| CLOSES OR OPENS 
VALVE (5) 
10 
ff} " 
<xr ) Hom NUL Lrrerg 
i Y WU) 
| RANGE OF 60° BY IW Wy 
MEANS OF THUMBS canal Te 
3 > NUT {2 = { 














ing principal features of the Johnson 
Regulator, the National  Self-Acting 
lemperature Regulator has been’ im 
proved and simplified. Spacer (9), for 
merly Bakelite, is now made of Monel 
tubing. ‘This controller has proved itself 
to be so sensitive that manufacturer has 
reduced bulb dimensions to 5.” diam. 
8” to 12” long with 1” s.p.t. union con 
nection. These bulb dimensions still fur 
ther reduce the low thermal lag and are 
said to make possible close control on 
installation heretofore considered = diffi 
cult. New model has a range of 60°F. 
n be supplied to control any tempera 
ture between 50° and 275° F.— National 
sfrument & Requlator Co., 1812 8S 


] 
VJ chigan {fve., ¢ hicagqo. Ill. 


Sensitive Relay 
Designed to cover the field) between 
he ultra-sensitive type of relay, with its 
ow current-carrying capacity, and the 
heavier, service type of relay requiring 


Sie ue ine 
MA Imgraumen’® 
“mown, massacn’®! 





irge input wattage, new “Type 1-A,” 
Input, is jewel-mounted and bal 
ed to operate in any position; its 
ement is light in weight and can be 
isted to respond well to about half 


of the rated 4-mw. minimum field input 
Its hairspring and contacts will carry 
lL amp. if sparking be minimized. Mount 
ed on a 5-prong plug which fits the 
standard tube socket, it can be removed 
or shifted easily. This type of mounting, 
together with the visibility of its move 
ment, is said to make the relay particu 
larly suitable to experimental work, as 
well as to permanent installation in’ su 
pervisory and control circuits. Sigma 


lustruments, Ine.. Belmont. Mass 


Elapsed-Time Register 

New “Tymeter” is of the single-register 
type: a five-digit evclometer registering 
total time during which circuit) was 
closed. It is available in three models: 
(1) minutes and hundredths, (2) seconds 
ind tenths, (3) seconds and hundredths 
In common with other such devices, reg 
istration stops when circuit is opened 





ind resumes automatically when circuit 
is re-closed. A manual switch (see illus 
tration) permits subtracting outages 
such as “machine running idle.” Stand 
ird models have synchronous motors ce 
signed for 110-volt  60-evele supply 
Others ean be furnished. Case is 5 
wide, of die-cast tluminum with blac 
crackle finish Vo J. Stillman Co., Tne 
So Michigan lve. Chicago // 


1 100-hp. Variable-speed 
Miniature Motor & Drive 
Designed primarily to provide 1 svn 
chronous scanning system with maker's 
neon oscilloscope tube, new “Senco Vari 


Speed Drive” is equally ipplicable to 





stroboscopes, timing ind control instru 
ments, cathode-ray tube sweeps, labora 
tory life tests, ete Speeds from 0 to LOO0 
r.p.m., said to be constant to 1% drift, 
ire available by turning a calibrated dial, 
10:1 reduction being used for slo 
speeds. Unit is powered by a 1 L00-hp 
shaded-pole motor; average torque is 
1 in.-Ib. All bearings oilless. Dimensions, 
§! < 4! x gZ '; weight, 10 Ibs 
Sundt Enaineerinag Co., 250 OL. 

tve., Chicago, Ill 
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DIVISION 


AMERICAN MACHINE AND 
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MES 
GAUGES 


have perfect teeth 


AMEs | 













for accuracy 
D Gaug must have perfect teeth to 
be ate. Perfe shape, smooth and 
free from burrs. With a gearing ratio of 
h + the slightest er s thrown up 
R the d 








B.¢. AMES Co. 


MASS 
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The Burling 
HEAT CONTROL 





Has: 
SIMPLICITY 
ACCURACY 
ADAPTABILITY 
LOW FIRST COST 
PERFORMANCE 


MODEL D 


M S t red by excessi\ 
Adtuctahle rance made ¢ 
suit. Snap ac switches rated 
Amps Volts A. C 
( vy delicate, if requirec 
S Ss } guiry. T] swe 


Burling InstrumentCompany 


239.243 Ave. Newark, N. 
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Thread Diameter Continuous Recorder 


An automatic recording photometer de 
veloped primarily for determining 
irlation 1n 
thread, is the 
“Evenometer.” [ p to now, evenness estl 
mations of the thread (| 
diam.) have made by 
weighings of numerous small skeins. 
the Even 
diameter 
ind then 


terent 


unevenness, or \ 
raw silk hence known as 
18 microns 
eye or by 
With 
thread 
measured photoelectrically 


ibout 
been 
ometer, deviations in 
ire 
passed on to amplifiers of dif- 
eristics, electronic circuits 
mathematical operations and 


charact 


performing 


reporting the ivera diameter ind 
standard deviation in microns. 


Raw silk is wound in the customary 


manner, 100 threads per inch, around 
. seriplane board about 5 ft. long 
nd 1 ft. high, divided into panels, 
each 5” long and holding 500 m. of a 
test sample. From one end of the board 
to the other runs a slot through which a 


beam of light is directed so that oe 


the 
diameter, of 


is buil 
tional 
in a 

bridge 


conden 


the vacuum-tube voltmeter (6) 
value is recorded in microns on thx 
of a sensitive watt-second meter 
it can be seen that the recorder ri 
ters 
- iv 

i r,)¥ dn 

n 
where diameter value of the 
ird, iny individual diameter 
irement, 7 number of it 
measurements in scanning the 
ind y 1 when amplifier No. 3 is 
y 2 when unplifier (4) is in t 
cuit This expression, in statistic 


em ee 


only ne 





CeSSATY 


and Grader 


across the capacitor 


t up 


iri ince; 
the 


represents \ 


to choose 





vs which pass between the thread 
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I on the cathode of phototube No. 1, of standard .), and mpiiher 
OSt rutput Is proportiona to the teristic . in order to have the 
mount of incident light. Since the num er give a direct reading of the 
ber of threads wound in a given length diar er size, or the square of the 
ol Cie of riplane board 1s always the rd yviation These statistics o 
ear the ioht 1 ‘e twee +} 2 
e, ve ligh spaces he een he most pertinent information on tl 
hreads will varv inversely as the thread : . > at . 
' ‘ 2 ’ ness quailty of re Varn and 
diameters. Since the light which falls on : : . 


through the in 


totube 


must pass 
tervals, the resultant phototube current 
is an accurate function of the thread 
diameter. The light source and photo 
tube are mounted on a constant speed 
worm-driven carriage. As the scanning 
beam moves long the slot, the thread 


diameter measi 


irements are summed uy] 


nd recorded on a chart, is TO 


ows re 
ferri to diagram 
Evenometer consists of six basic units 
No. Lis a phototube bridge circuit where 
R R Bridge bal ince 1S obt iined by 
djusting light valve V until same 
’ ot ight falls on phototube 2 as 
is passed through a standard transmis 
sion sample F to phototube 1. After this 
adjustment phototube 2 serves as the 
standard cell, ind the samples of raw 
silk threads are substitu ted in place of 
W het riations in thread diameter 
Cause < inge in. the ight falling 
yhototube 1, bridge becomes unbalanced, 
effecting a volt ore drop icross R This 
voltage is amplified bv the preamplifier 
2 nd ssed on either to linear ampli 
eT 3) for determining average size, or 
t square \ amplifier 4 for deter 


mining the standard deviation. The out 


either No. 3 or No. 4 is coupled 


} } 


sound D 


Oot Seco! 


fabric 


isis for 
ds To be 
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The Measurement of Hardness 


By S. R. WILLIAMS 


Professor of Physics, Amherst College, Amherst, Mass. 


[' is commonly stated that the hardness of a material 
; is measured by its resistance to penetration. Such a 
g Se : . 
4. definition brings up the picture of a penetrator and 
enetratee. 
low hard is a snow drift? The answer lies at hand: 
resistance which it offers to the penetration of a snow 
w. On what does this resistance depend? Upon four 
tors (see Vig. Ey 
|. In the first place it will be some function of the 
gle & formed by the two wings of the snow plow. 
2. As the point goes into the snow, the crystal par 
les must be torn apart. 
(he harder it is to pull 
crystal particles 
ipart, the greater will be 
the resistance to penetra 





tion of the snow plow. 

3. The movement of 
the snow plow forward 
nto the snow pushes crys 
tal particles of the snow 
over one another. This 
gliding movement ofters 
a frictional resistance to 
penetration which may 
correctly be called the in 
ternal friction of the ma 


te rial. 





one can imagine for a moment that the oil changed the 
hardness of the test plate. It was a difference due to the 
fourth factor in the above equation. Oiling the surface 
allowed the metal in the test plate to flow plastically 
under the steel ball without breaking. Whereas, if the 
surface is clean and dry, the surfaces of the ball and the 
test plate stick; the particles of the test plate tear apart, 
so that there is not the elastic comeback on release of 
load that there is when the lubricated surface is un 
broken. An outstanding: « xample of this is shown in soft 
rubber. ‘The comeback after release of load makes rub 

ber appear to be almost 

infinitely hard, which, of 


| course, we know is not 





Snow Field true. It comes back to 


saving that in all of 
the penetration methods, 





scratch or otherwise, the 
hardness as measured is 
going to depend upon 
whether the indentation 
is through plastic or brit 
tle proce SSeS, 

The Indian, by a trial 
and error method, under 





stood this centuries ago 


when, by means of a bone 





tool. he could chip the 





t. Finally, the snow 


flint stone into an arrow 


will slide over the sur Fig. 1. Two planes at an angle ¢ are forced through a snow drift. head. He knew that he 
faces of the wings of the Resistance to their progress depends upon at least four factors. could disrupt the stone 


snow plow. If the sur 

faces are rusty or rough 

t will not slide easily, and thus another factor is brought 
into play to inerease the resistance to penetration. A 
rusty plow for turning over soil also illustrates this 
fourth factor. 

One may express these various terms in a symbolic 
equation which could become an actual equation did we 
but know all the factors involved. The resistance to 
penetration of the snow plow may thus be expressed: 

Kk =f, (¢) f. (m,m,/d°) + f, (mip) + fs (oP) 
where the subscripts of the fs correspond to the numbers 
ittached to the factors on which R de pends. 

[t will be seen that the first and last factors on which 
e hardness R depends are really properties of the 
penetrator and not of the penetratee. It is the hardness 


1 
+] 


f the latter in which we are interested. The scratch 

thod, the steel ball and cone indenters used in measur 
ing hardness have these same factors involved. 

To a physicist it always has seemed unfortunate to 
try to measure a property of a substance which becomes 
0 hopelessly involved with the physical properties of 
he measuring tool. It seems equally futile to go on try 
ng to improve a method which continues to have these 
nherent difficulties. Just to show the difficulty of the 
tuation, one needs only to allow the snow plow to stand 
round a few days and rust, when it will be found that 

snow drift has increased its hardness. 

\s an analogous experiment, a test plate was used 

ler a steel ball indenter, first when the surface of the 
st plate was clean and dry, and again when oil coy 
‘ed the surface. Some materials increased their hard 
ess as much as 4% when oil covered the surface. No 


by a shearing stress, but 
could never fashion the 
stone plastically with a soft tool of bone. 

It would seem that there has not been enough of «a 
distinction made between hardness as measured plasti 
cally and that measured against a shearing strain. It is 
well known that in Moh’s scale of hardness, it is easy 
for a beginner to make a soft stone scratch a harder one 
It is a repetition of the Indian scratching a harder sub 
stance with a softer one. He shears off a portion of th 
harder substance by means of a softer tool. 

If, in the equation for R, one could eliminate factors 
1 and 4 in measuring hardness, it is interesting to note 
that the factors left are those involved in the elasticity 
of stretch at the vield point. Factor 2 deals with th 
tearing apart of the particles which constitute the sub 
stance examined. Factor 3 depends upon the way in 
which these particles slip over one another as they move, 
i.e., the internal friction between the particles constitut 
ing the material under test: represe nts the oethcient 
of this friction and p is the pressure applied. Both 2 and 
3 are inherent in the specimen tested. These two factors 
are just those which come into play when a body sub 
jected to a pull reaches the elastic limit and the vield 
point is attained. In other words, could such a test be 


1 


employed, the vield point or the tensile strength would 
: 
come more nearly tot 


being a measure of hardness as now 
understood than any other property of matter. Such 
properties are inherent in the substances to be measured 
and not in the instruments of measurements. In arriving 
at this point of view, one must not forget that in doing 


so. the conclusion has been reached by assuming at the 
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start that hardness is measured by resistance to pene 
tration 

Although the writer thus appears to criticize indenta 
tion methods for measuring hardness, no one is more 
iware than he of the wide use and utility of our present 


day hardness testers. For manufacturers, hardness tests 
offer a quick method for judging the suitability of ma 
terials for a certain use, or for maintaining certain stand 


irds in the materials adopted. The resistance to pene 
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Institute of Physics and the National Research Co 
To the writer, here is an outstanding problem in 
chemists, metallurgical engineers and physicists cou 
a fine piece of cooperative work. 

Magnetic fields can change the forces betwee: 
particles which go to make up ferromagnetic substa 
One line of investigation would lie along the rela 
between magnetism and hardness.’ 

More than fifty years ago Barus and Strouhal . 
ried on an extensive investigation on “The Elect 
and Magnetic Properties of the Iron-Carburets.” 1 
investigators studied the thermoelectric power ani 
resistivity of a large range of iron and steel, var 
from glass hard at one end of the series to the s st 
iron obtainable at the other. If the resistivities of 
rods were plotted against their thermoelectric powe: 
of these points fell on a straight line (see Fig. 2) 
cating, as the authors pointed out, that there was 


inherent relation between hardness, on one hand, 
Fig. 3. Arrangement of solenoid SS and temper- ~, 
ature control system for measuring resistance Pl J 

a 


changes in magnetic field. 
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tration rests upon the difficulty of pushing the granules 
composing a body to one side and getting them out of 
the way of the penetrator. Hardness seems to rest upon 
the inter-atomic, inter-molecular forces which hold these 
particles together in a solid. If atoms of all substances 


re made up of electrons and protons, then the same 


kind of forces are holding them together and the over 
coming of these forces is a measure of hardness. Such 
considerations seem to make hardness cut across the 
composition of materials and rest largely upon the means 
whereby the forces holding together the common gran 
ule S can he varie d. 

It seems, therefore, that a basic study might be 
launched in which those physical properties dependent 
upon the same factors might be related to hardness. It 
is conceivable that out of such a study might come meth- 
ods for arriving at values of hardness quite as simple as 
the present and bearing more directly upon hardness 
than does the penetration method. 

The author levels no criticisms against the modern 
instruments used in so-called hardness testing when their 
objective S are correctly understood. They are not hard 
ness testers but measures of suitability of material for 
specific purposes and as such are wonderful machines. 
However, for one who is trying to find out if there is 
such a physical property as hardness, the data given by 
these machines can only lead to confusion. 

The real criticism which the author has to offer is, 
that physicists who study these facts have not taken as 
much interest as they should in the problem of hardness 
and its measurement if such a physical property exists. 

With the aim of “putting physics to work in industry” 
1 joint conference was recently called by the American 
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thermoelectric power and resistivity on the other. It 
least points out that hardness and the last two mentior 
physical properties have to do with internal forces and 
are not influenced by the measuring instrument. Unfor 
tunately, Barus and Strouhal did not have modern m« 
ods for measuring hardness. They had to depend upor 
color indications in hardening and annealing. 

With our modern methods for measuring penetrat 
by means of a steel ball penetrator, it seemed desira 
to review this early work of Barus and Strouhal and a 
the same time extend their studies to other allied phys 
cal properties. There is a need for the accumulation 
a great deal of information regarding various phys 
properties and their relations to hardness. With this 
mind, the following short study has been made of a series 
of steel rods with varying degrees of carbon cont 
Their resistance and change in resistance with varying 
longitudinal magnetic field have been compared ¥ 
their hardness as measured with a Rockwell tester. 

The method employed in measuring the resistivity 
the dr/R in a magnetic field was the same as that 
ployed by Williams and Sanderson® in a similar st 
of a series of nickel rods having different degrees 
hardness attained by cold rolling. 

Fig. 3 shows the long copper trough, 7'7', in which 
rods were placed and maintained at a constant temp 
ture of 35°C. by circulating oil whose temperature 
kept at 35°C. by a thermostat control. The tempera 


a 


1S. R. Williams. Mechanical Hardness Influenced by Magnet 


Measured by Magnetostrictive Effects. Transactions A.S.S.T., Vol 
Aug. 1933, page 74 
Barus and \ Strouhal. The Electrical and Magnetic Pr 
rf the ron-Carburets. Bulletin U. S. G Survey, No 
8S. R. Williams and R. A. Sanderson. Changes in Electrical 
tance Due to Magnetism and Hardness. Physical Review, Vol. 37 
ize 30 
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Fig. 4. Change in 
resistance with vary- 
ing field strength. 


Fig. 6. Relation of 
resistivity to Rock- 
well number. 


Ps. 


Fig. 5. Change in resistance with 
varying field strength in which 
field has been extended to 750 











gausses. 
G 
| Slag 
60 
400} 
| 
TABLE | 
Rod Carbon Manganese Phosphorus Sulphur Hardness 
\ 0.11 0.49 0.010 0.039 64.2 
BS 0.31 0.53 0.012 0.039 ei 
( 0.49 O41 0.012 0.033 83.4 
1) 0.69 0.48 0.019 0.033 94.5 
I 0.91 0.44 0.02% 0.027 97.3 
| 1.11 0.42 0.019 0.036 99.9 





TABLE II. COEFFICIENTS OF RIGIDITY 


\ n — 8.166 & 1011 dD n = 7.980 & 1011 
B n = 8.178 & 1011 E n 8.045 & 1011 
& n 8.169 & 1011 F n 8.124 « 10 








of 35 C. insured that when the heating coil was turned 
off the oil would radiate to the room, whether the sea 
son was winter or summer. The pump P kept the oil 
Howing steadily around the system. A double Kelvin 
bridge was used in measuring the resistance and the 
change in resistance produced by the magnetic field of 
the solenoid SS as its field was increased from zero up 
to 450 gausses. There were three samples of each carbon 
content so that 18 rods were measured in all. ‘The rods 
were designated as follows: A;, A., A;, By, B., B,, Ci. 
C,, C,, Dy, Dy, Dy, Ey, E., E,, and F, F., F,. The A 
rods were the softest while the F rods were the hardest 
as measured with the Rockwell tester. All were given thi 
same heat treatment. Some of the characteristics of the 
rods are given in Table I. 

The values of resistances and change in resistance are 


the averages of the observations taken on the three rods 


of each carbon content. 


lig. 4 shows how the change in resistance per ohm 
varies with the field strength in the solenoid, SS, Fig. 3. 
lig. 4 will indicate that if the field strengths in the sole 
n d are increased the curves for dr R tend to become 
isymptotic to the axis of field strength. 
In the general discussion it was pointed out that the 
juation for hardness indicated that the tensile strength 
the elastic limit might measure hardness. The question 
is raised in this study, does the coefficient of rigidity 
ve any relation to hardness? It was a simple matter 
study the coefficient of rigidity of these rods and so 
ey are tested by the method shown in Fig. 7. Two 
rrors, M, and M,, were attached at the ends of each 
1 in such manner as to eliminate any error due to slip 
either chuck of the torsion lathe. Furthermore, the 
rrors were attached to each rod by sharp needle points, 
that the distance between the mirrors, or the length 


Fig. 7. Torsion lathe for measuring coefficients of rigidity. 


of the rod twisted, could be accurately measured. A tele 
scope and scale set at a distance of >2m from each mir 
ror gave a precise method for measuring 
twist. 

Only small torques were applied, so that at no time 
was the elastic limit exceeded. In spite ol the large 
change in the Rockwell numbers, practically no change 
occurred in the coeflicient of rigidity of these rods. Table 
II gives the values of n for the series of six rods. It is 
in the permanent deformations that one begins to find a 
measure of hardness. It is here that the definition of 
hardness—resistance to permanent deformation—finds 
its meaning. 

This note seeks, therefore, to emph isize the need for 
simple studies on the relations between hardness and 
those physical] properties which have common factors 

There is under way in this laboratory an extensive 
study ot all sorts of mate rials, whose h irdne ss has been 
varied by eve rv me thod available. to see if the relations 
found by Barus and Strouhal extend to other substances 


+ 


beside those of iron and steel. Fig. 6 shows the rela 
between the resistivities of these same rods and their 
tockwell numbers. 

During the World war the National Research Council 
considered the study of hardness and hardness measur 
ments an important problem A special committee was 
set up for its consideration. The fact that the committee 
ceased to function because of lack of funds in no way 


em. 


detracts from the importance of the prob 
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IN RECORDING THERMOMETERS -IT S$ 


AGCGURACE Y 


that counts! 


Foxboro gives you bull’s-eye accuracy over 
the entire chart range — not merely single- 
point calibration. Moreover the rate of 
response*™ is so fast as to assure a pre- 
cise time-record of temperature change. 

This unapproached accuracy and speed 
of response is also vital in automatic 
control. In a Foxboro thermometer it's 
more rapid than any process tempera- 


ture change. 





These statements are facts, proved 


through years of service in industry — facts 


Seer eee Perr! 


worn’ 
° > 


of which Foxboro will gladly let you be ee - 





the judge. 





*Responsiveness, which complements Foxboro accuracy, is 
clearly shown on the chart below—a record of the time 
taken to cover the same portion of the scale of five Record- 
ing Vapor Pressure Type Thermometers of different manu- 
facture. Foxboro thermometers are more responsive under 
all bulb installation conditions. a 





























RESPONSIVENESS CHART 
aie ~ | TwE TAKEN TO COVER | PERCENT 
INSTRUMENT | count‘sontion of cuant scae | DIFFERENCE 
FOXBORO 15 seconos 100% 
__ RECORDING THERMOMETER 
RECORDING y 
THERMOMETER A 32 sECONDS 47% 
RECORDING or 
rucamomeren © 42 seconos 37% 
RECORDIN , 
Since, © 33 seconos 45% 
— Se a eee Pee Foxboro charts, too, are more accurate. They are made of special po; 
RECORDING D 85 seconos 18% produced on Verigraph-controlled paper making machines, and are prin! 
THERMOMETER by special engravings in Foxboro's air-conditioned chart departms 
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uproving Brake Drums and Linings 
through the Use of Instruments 


By CHRIS BOCKIUS and J. HAROLD HUNT 


Raybestos-Manhattan, Inc. 


NCREASED HIGHWAY TRAFFIC and _ the 
iigher speeds of today are demanding better brake 
performance. Lowering the center of gravity, and 
‘ts to produce better riding, have brought the smaller 
el into general use and have limited the diameter of 
ces, particularly on the larger cars. With the stream 
ning of bodies, the entire brake assembly is being 
ised to such an extent that heat is becoming a serious 
blem. All of these factors combine to make the re 
rding of a motor vehicle one of the major engineering 
problems of today. Brake design and structures of the 
mponent parts have received concerted attention, not 
nly from the designers of the brakes but from the sup 
pliers of brake drums and brake linings. Both drums 
ind linings play an important part in the problem and 
1 vast amount of research work has been done along this 
line. Equipment for testing brake lining and brake 
drums may be divided between laboratory machines and 
road-test cars. Laboratory machines for testing brake 
lining have been varied in design. The tendency has been 
to eliminate any test equipment which does not use the 
full brake assembly. Manually operated machines are 
being superseded by full-automatic controls to eliminate 
inaccuracies of manual operation, and the two machines 
described herein are automatic dynamometers of this 
type. 
MATERIALS AND TYPES 

At present, the following types of drums are in use: 
(a) stamped—both low and high carbon; (b) steel ring 
fastened to a light-stee]l back; (c) full cast iron of vari 
ous compositions; (d) steel and cast-iron ring fastened 
to a light-steel back; and (e) cast-iron ring with back ef 
light steel, cast-in. 

Brake-lining types may be classified as follows: (a) 
molded pulp, (b) impregnated ashestos-sheet, (c) folded 
and compressed, and (d) woven. 

(a) Molded-pulp linings consist essentially of short- 
fiber asbestos, combined with inert pigments, and bonded 
with rubber, synthetic resins, drying oils, or combina- 
tions of these binders. The mass is usually hot-pressed 
hydraulically to form the lining. It is furnished in flex 
ible strips or rigid segments. 

b) Impregnated ashestos-sheet consists principally of 
pure asbestos-sheet impregnated with a suitable binder. 
formed and heat treated. It is furnished in rigid seg 

ents. 

(ec) Folded and compressed linings consist of woven 

estos cloth, impregnated with a compound of rubber 
nd inert pigments, plied together in strips to give the 
quired width and thickness, then hydraulically com 

pressed and vuleanized. This lining is generally fur 
ished in rolls, but can also be formed in semi-rigid 
gments. 


isl 


d) Woven linings. At present, there are several vari 
tions of the woven types of lining. The simplest form 
nsists of ashestos varn woven into a tape and satu 
ted after weaving, rolled to size, and heat treated. It 
furnished in rolls. Later types are made with ashestos 
rns in which pigments are incorporated together with 


Motor Wheel Corporation 
suitable binders. Some of these types are in the flexible 
state and are furnished in rolls; others are finished as 


dense semi rigid segments. 


THE RAYBESTOS-MANHATTAN DYNAMOMETER 


The Raybestos-Manhattan Dynamometer was designed 
for the particular purpose of testing brake linings and 
is, therefore, equipped with special means for mounting 
the drums and backing-plate assemblies carrying th 
brake shoes and operating mechanism. ‘The machine is 
of the inertia-weight type. At the time of the brake ap 
plication, the flywheel is rotating without driving force. 
and the energy absorbed by the brake is the kinetic 
energy stored in the flywheel. 

The flywheel has a variable speed range of 205 to 820 
r.p.m., approximating car speeds of 18 to 73 m.p.h 
based on a 30-in. tire-diameter. ‘The flywheel consists of 
a webbed steel-casting and forty four 1 in. steel disks. 
the diameter being 42”. The casting weighs approxi 
mately 600 Ibs. and each disk weighs approximately 112 
lbs. The kinetic energy developed can be varied from 
8120 ft-lbs. to 133.500 ft-lbs. from the lowest to the 
highest speeds, with the flywheel casting only. With 
additional flywheel disks, the kinetic energy can bhi 
varied from 59,500 ft-lbs. to 980,000 ft-lbs. from the 
lowest to the highest speeds. These ranges in kinetic 
energy would compare to one-fourth of the kinetic 
energy developed by vehicles ranging in weight from 
3000 to 22,000 Ibs. 

Figs. 1 and 2 show the dynamometer with its operat 
ing and control tables. The following description explains 
the mechanism and instruments, and their application: 

The main motor is started or stopped by a snap switch 
(1) and then the proper speed is set by means of a 
vernier rheostat (2). Dial (3) is set for the proper time 
stop eyele. Dial (4) is adjusted to set in operation at 
any desired brake stop the three Bristol recording-strip 
charts (5-6-7). These charts move at the rate of 12 in. 
per min. The time-stop cycle is controlled by a set of 
gears (8) working against electrical contacts (9), the 
gears being driven by a Telechron motor. The time cycles 
may be set to operate at 1. 2, 3 or 4-min. intervals. The 
three Bristol recorders are operated through a set of 
gears (10) which are geared to the Telechron motor 
shaft. The machine runs fully automatic once it is started 
If desired to apply the brake at any time other than th 


’ ad 
set time-cycle. push button (11) is applied manually 


The master cam (12. under case working on 
plunger supplies the hvdraulic-line pressure to a hy 
draulic brake or to another hvdraulic cvlinder to opera 
a mechanical brake. The speed of t! : 12) is varied 
by means of a rheostat (13 that controls the speed of 
the motor (14): but. or the proper speed is determined 
it is never changed. T hydra ] ressur » t} 
brake is records 1 or t} Brist 1 5 and ¢ 
Asheroft-Hancock hvdraulic gag 15 The tora 
put of the brake is r rrded on the Bristol r rder (7 
and the Ashceroft-Han k gag lt by 1 ins of t} 
hydraulic cylinder (17) located t] nd of the tora 
arm (18). 
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Fig. 1. 


1) Switch for starting main motor 
2) Vernier rheostat for controlling (9) 


the speed of the main motor 
3) Time-stop-ceyele dial 


4) Dial for setting Bristol recorders (11) 


(8) Time-stop-cycle gears 
Electrical contacts for 
(10) Gears for operating the electrical 
contacts to operate (5), (6) and (7) 
Push button to start the mechan 


Front View of the Raybestos-Manhattan Dynamometer, showing Instrument Board 


(16) Hydraulic gage, indicating 
output of the brake. 

(17) Hydraulic cylinder 
duces output torque of the brake 


(18) Brake torque-arm 


(8) 


to operate at any desired brake-stop. ism to apply the brake (19) Weights for increasing the 
5) Input to the brake; Bristol pres (12) Master cam which applies hy draulic-line pressure 

sure-recording instrument draulic-line pressure; under a cover (20) Hydraulic cylinder for 
(6) Revolutions of the flywheel to stop; (13) Rheostat: control speed of (14) cam; under a cover 

Bristol instrument (14) Motor that drives the master cam (21) Hydraulic cylinder for lift 
7) Output of the brake; Bristol pres (15) Hydraulic gage, indicating the weights (19) 

sure-recording instrument input to the brake (22), (23), (24) Signal lights 


The input to the brake may be varied by applying 
19) which lifted of 
pressure from the master-cam cylinder (20, under case 
to cylinder (21 


dead weights are by means line 
which allows the plunger of the cylinder 
21) to float between set limits. In order that the travel 

21) is always within its limits, there is 
indicating lights (22-23-24). Thus, when 
21 


are 


of the plunger 
i set of three 
light (24 


line 


is lit, it indicates that plunger has no 
behind it. When weights (19 lifted, 
shows and stays lit as long as the proper lift 
If the 


pre ssure 
light (238 


is maintained. 


travel is too much, light (23) goes 
out and light (22) is illuminated, giving a warning 


signal. ‘The travel is reduced by turning the handle of 
the 


controlled by means of a set of three gears with electrical 


compensating cylinder (25). The three lights are 


contacts (in box, 26) and operated by means of a lever 


27) connected to weights (19 
In order to maintain the proper level of the torque 


arm (18) which rests on a plunger in a cylinder (17 
the location of the plunger may be varied by means of 
the volume of liquid from the cylinder (28 


Cam-lever arm (29), which varies the hydraulic-line 
pressure to the brake, is operated to maintain a constant 


output of the brake when making a “drag test’ with a 
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continuous rotation of the flywheel. Cam lever (29 
(30) which 
solenoid coil (31) thus causing bar (32) to limit 

travel of lift-cylinder plunger (21). At the time of cl 
ing switch (30), the master cam (20) starts rotati 
and stops when reaching its high point, with the mo 


released before closing switch energi 


still rotating. It is then possible to obtain any line pr 
sure to the brake to maintain a constant terque out} 
of the brake. Cylinder (25) supplies the liquid to 

master cylinder (20) when its volume is too low a 
when different-sized brake-cylinders are used. 

The Bristol recording-strip chart (6) records the r 
lutions of the flywheel to stop, and operates as follov 
As soon as brake torque is developed, the electrical « 
tact (33) at the end of the torque arm (18) energi 
the solenoid coils (34) which in turn closes the frict 
clutch (35) driven by a chain (86) from the flyw! 
shaft. The friction-clutch (35) shaft is connected 
means of a chain to the Bristol recorder (6). The act 
is practically instantaneous when brake torque is 
veloped. Arm (37) is for setting the gearbox (88) ra 
of flywheel shaft to Bristol recorder (6) which is n 
essary for changes in speed of the flywheel or chan; 
in the torque output of the brake. 


which p: 
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Fig. 2. Side View of Raybestos-Manhattan Dynamometer, showing Operating and Control Tables 


(25) Compensating hydraulic cylinder 


(32) Bar to lock movement of weights 


38) Gearbox for controlling travel of 


for controlling the volume of liquid to (19) the pen for Bristol instrument (6) 

the brake (33) Contact points to close circuit 10 (39) Push button to release the brake 
(26) Gears and_ electrical contacts solenoid coils (34) (40) Bristol pyrometer 

controlling lights (22), (23) and (24) (34) Solenoid coils to close friction (41) Weston tachometer 
(27) Lever for operating gears (26) clutch (35) (42) Air-pressure blower to cool the 
(28) Compensating hydraulic cylinder (35) Friction clutch to drive Bristol brake drum 

for setting the height of the torque arm recorder (6) (43) Main motor; 30 hp., 115 to 230 
(29) Cam lever to control the constant (36) Chain to drive the gearbox from volts (D.C.) 


torque-output of the brake the flywheel shaft 
(30) Switch to energize solenoid (31) (37) Arm for 
(31) Solenoid coil to move bar (32) ratios 


Push button (30) is used when making a ‘‘slow-down” 
test, thus not allowing the flywheel to come to a dead 
stop. When the electrical circuit is closed, the cam (12) 
starts to rotate, releasing the hydraulic-line pressure to 
the brake and allowing the flywheel to pick up to set 
speed. 

Instrument (40) is a Bristol pyrometer which indi 
cates brake-lining temperature. Instrument (41) is a 

hometer, reading in revolutions per minute of the fly 
wheel. The magneto for the tachometer is coupled to the 
main-motor armature-shaft. The air-pressure blower 

12) is belted to the flywheel shaft and cools the brake 
im. The main motor (43) is a 30 hp., 115 to 230-volt 
lirect-current machine, chain connected (44, in case) to 
flywheel shaft. The motor speed is 2.44 times as fast 
that of the flywheel. A portable brake-drum turning 
he may be inserted on the main base to turn the brake- 

m surface concentric with the backing-plate assembly. 

Che mechanism is available to accommodate hydraulic, 
le or lever-operated mechanical-brakes, or air-oper 
d brakes. The illustrations show an air-operated 
k-brake assembled for test. 

/peration During a Complete Brake-Test Cycle.—Set 

(3) for the desired time cycle; snap switch (1) to 


setting different gear 


(44) Chain connection from the main 
motor to the flywheel shaft 


start the main motor; set vernier rheostat (2) for the 
desired flywheel speed; set. dial | for the desired 
period to operate Bristol recorders (5-6-7); and snap the 
switch which is next to switch (1) to start the Telechron 
time-cycle motor. 

When the selected contact, for example (9), is closed, 
it operates the interlocking relay . which engages the 
friction clutch that operates through a 84-hp. motor (14 
armature-shaft. being actuated by solenoid coils, thus 
driving a reduction unit of 244 to 1 ratio. The slow 
speed shaft of the reduction unit carries an insulated r 
volving dise and shoes which progressively open a series 
of contacts mounted on a stationary member. Contact 
No. 1 interlocks the time-cycle relay. Contact No. 2 (op 
erated by a separate insulated shoe, while all other con 


tacts are ope rated by a shorter shoe opens the circuit 
} 


to the main motor. Contact No. 3, through a relay, starts 
the three Bristol recorder strip charts to move at the 
selected evele pe riod. Contact No. 4 stops the reduction 
unit when the master cam (20). which is mounted on the 


slow-speed shaft of the reduction unit, is at its highest 


1To limit over-t: fF +} iol 
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Fig. 
1) Stop-interval control-mechanism 6) Motor 
2) Weston indicating tachometer speeds. ) 
3 Pedal effect rheostat Controls 
hrustor pressure.) s Manual or 
} Ksterline-Angus recording tach selector 
eter 9) Pedal effort 
5) Stop interval selector. (Selects for (10) 
p every 1, 2 or 3 minutes.) 11) Pedal effort 


point, thus holding the set hydraulic-line pressure to the 


brake until the fly wheel stops. Then contacts (33 open 


und, by means of a relay, the reduction unit starts to ro 


ite, thus bringing the master cam to its low point and 


relieving the line pressure from the brake. During this 
rotation of the reduction unit, contact No. 5 stops the 
Bristol recorders; contact No. 2 closes (coming in ahead 
of contact No. 1 due to the length of the shoe thus 
starting the main motor to set speed; then contact No. 1 
opens, bre aking the interlock of the time-cycle relay 
until the next cycle. 

tavbestos-Manhattan, Inc., has in progress of con 
struction two more similar machines, but which have im 


provements and highe r fly wheel speeds. lor example. 
ot 


instead a fixed-automatic time stop evele of 1, 2, 3 


ro » 

ind 4-min. intervals as already mentioned, the new ma 

chines will have an automatic-time-stop-cycle clock, vary 

ing from the shortest possible operating time between 
stops to a maximum interval of 10 min. 

rHE MOTOR WHEEL CORP. DYNAMOMETER 
The Motor Wheel Corp. Dynamometer was designed 
for the particular purpose of testing brake drums and 


accompanying parts and is, therefore, equipped with 


special means for mounting the drums and the backing 
plate assemblies carrying the brake shoes and operating 
} The 


mec] machine 
At the time of the brake application the flywheel is ro 


lanism, is of the inertia-weight type. 
tating without driving force and the energy absorbed is 
the kinetic energy stored therein. The flywheel has four 


rotating speeds: 354, 476, 718 and 956 r.p.m., approxi 


mating car speeds of 30, 40, 60 and 80 m.p.h. The 
kinetic-energy load can be varied from 22,703 ft-lbs. to 
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speed 


7) High-speed chart control. 


Motor control button 


3. Instrument Board of the Motor Wheel Corporation’s Dynamometer 


selector. (Four 
brakes 

(13) Torque recorder 

(14) Brown recording pyrometers 

(15) Torque-absorbing unit; hydr 
Motor Wheel design 

(16) Torque arm 

(17) Brake-application counter 


iutomatic operation 


manual switch 


recorder 


710,103 ft-lbs. This represents a car weighing fron 
proximately 3000 to 13,000 Ibs. ‘The mechanism mou: 
on the tail pillow-block is to apply the brake and ab 
the resulting torque. The power to apply the brak« 
furnished by a General Electric Co. Thrustor. Me 
isms are available so that hydraulic, cable or lever-o] 
ated brakes can be accommodated. We can best ex} 
the mechanism, instruments and their uses, by refer: 
to Figs. 3 and 4, of the switchboard and dynamon 
The 
button (10 
(5) have been selected. The stop interval is conti 


motor is started or stopped by means of } 
after the proper speed (6) and stop int 
by mechanism in box (1) and can be selected by 


as to stop once in 1 min., once in 2 min. or once 

The fully 

started. If it is desired to operate it manually, sw 
be accordingly. Switch 


thrustor (19) on the dynamometer non-automaticall) 


min. machine runs automatic after | 


(8 can set (9) operates 


Instrument (2) is a speed indicator reading in nu 
of revolutions per minute (4) 
line speed recorder with fast and slow paper-fe¢ 


Instrument is an | 
speed-time chart of a stop can be drawn with a ]} 
feed of 34 in. 


which decelerations can be accurately determined. 


per sec., giving a good open chart 


7) operates the fast paper-feed. Instruments (2 
(4) get their energy from tachometer magneto 
which drives directly from the flywheel shaft. Ins 
(11) is a low-pressure recording pressure-¢ 


is an ind 


ment 
This records pedal effort. Instrument (12) 
Instrument (13) is a high-pres 


re. 


ing pressure-ga 
recording pressure-gage. These two instruments ca 
used selectively and interchangeably and are us¢ 


record or indicate either hydraulic brake-line pres 





(12) Brake line pressure for hydrauli 





om 


lounte 


abs 








(16)\ 17)\ 18 
~ 








Fig. 4. Side View of the Motor Wheel Corporation’s Dynamometer 


18) Hydraulic master-cylinder; gage (22) ‘Torque shaft 27) Pyrometer leads 
the switehboard (23) Hand wheel for moving the pil (28) Active flywheel weights; may be 
19) Pedal-effect mechanism; General low-block assembly varied from light passenyver- 
Electrie Co. Thrustor (24) Backing plate, carrying brake requirements 
20) Electric relay for starting; it in- shoes (29) Idle flywheel weights 
terlocks to prevent starting with the (25) Brake drum being tested (30) Chain and chain case 
brake on (26) Pyrometer collector-ring and (31) Tachometer magneto 


21) Brake-applying levers 


from master cylinder (18) or the torque-absorbing unit 
15). Instruments (14) are recording pyrometer poten 
tiometers and record temperatures generated in brake 
lrums and linings. These meters are connected to the 
pyrometer couples through the collector rings and 
brushes (26) and the leads (27). Temperatures at thre 
locations can be recorded simultaneously and continu 
isly. 

Hand wheel (3) controls the effort of the thrustor 
19) which furnishes the pedal effort. The eleven fly 
wheel weights (29) can be moved from active to idle 
position as the required load may require. ‘he motive 
power is a 50-hp., 440-volt, A.C. motor (32) chain con 
nected ((30) is chain case) to the flywheel shaft. Th 
‘tor runs 1.28 times as fast as the flywheel. There is 


no starting resistance, the switches closing directly 


ross the line. 

We have a fixture to mount on this machine that will 
nable us to record graphically the deflections of a brake 
lrum under brake stresses. The machine set up as shown 
irries the drum directly on the flywheel shaft; but, by 

use of simple arbors a complete wheel, hub and 

im assembly can be mounted. The machine will ac 

modate a tire diameter up to 40 in. 

Uhis machine allows us to study the various kinds of 

rake drum for: (a) Brake-drum performance and 

racteristics when stopping under varying loads and 
ssures; (b) brake-lining performance and charac 
sties; (c) brake-drum and lining wear; (d) heat 
ntity, location, effect and flow; and (e) brake-drum 
rmations under braking loads, pressures and heat. 


brushes; temperatures recorded 


(32) Fifty-hp., a.c. motor; foun pee 


In th lesis ] ( 
uted th , q 
ngs. The « : 
brated by D. J. Bor 
gt by Ju i 4 ( of I \ 
V n ¢ Raybe Ma I M \W ( 
h N ‘ I 
ut ita } 
h requir S 


LABORATORY TESTS 


In general, it should be stated that numerous methods 
of laboratory testing of brake lining have been in vogue. 
mainly consisting of testing small sections of the lining 
It can be said that all of these methods had some merit. 
and each contributed its part in the development of the 
present methods. However, the principal dithculty en 
the dithe ulty in 


interpreting test results in terms of car performance. In 


countered with such test methods was 


attempting to arrive at suitable laboratory test methods 


it was found that the test equipment must incorporate all 
the essential parts of any particular br ike mechanism in 
order to correlate laboratory tests and road-car tests 


The tests employed by both companies are laid out to 


parallel actual road testing. The me thods of test are still 


relative ly new and subject to chang Aas the ter hnique 


developed. The pre sent state of operation may be com 


o use dvnamometers to test 


pared to the first attempts { 
internal-combustion engines, where it was necessary to 


develop the technique of test before the results wert 


given much credence. Before these machines were em 
; 


ploved for test purposes they were care fully calibra 


by means of a prony brake. 
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When installing the brake mechanism in the test ma 
chine, it has been found necessary to indicate the drum 
ifter it has been mounted on the flywheel shaft to in 
sure perfect concentricity with the brake assembly. The 
brake lining is mounted on the shoes and prepared ac 


cording to the brake- or the car-manufacturer’s specifi 


cations, 
Brake Lining Tests 
The following types of brake-lining tests are made on 
the Raybestos-Manhattan dynamometer: (1) Perform 
ance, (2) drag, (3) fade, and (4) pressure-deceleration. 
The se are described as follows: 

1) Performance.—The flywheel speed is set to rep 
resent a given car-speed in miles per hour. The input to 
the brake is held constant, or varied so as to obtain a 
constant torque-output of the brake which is automati 
cally recorded. The brake is applied automatically at a 
1, 2, 3, or 4-min. time-cycle. The time to stop and the 
number of revolutions to stop of the flywheel are auto 
matically recorded, which. is interpolated to rate of 
deceleration in feet per second per second. 

2) Drag 
represent a given car-speed in miles per hour. The input 
to the brake or the output ‘of the brake can be varied or 
held constant. When the output of the brake is held con 
stant, it is done manually as previously described. 

3) Fade—The fly wheel speed is set to represent a 


The flywheel is rotated continuously to 


given car-speed in miles per hour. One or more trial 
stops are made with a cool brake drum so as to obtain 
1 known input to the brake to get a desired output of 
the brake in feet per second per second deceleration. 
When this is obtained, then every brake application is 
made with a constant input, recording the variable out 
put. The brake is applied every 45 sec. or less, depend 
ing upon requirements. 

t) Pressure-Deceleration— The flywheel speed is set 
to represent a given car-speed in miles per hour. The 
lowest input at which the brake is effective is used at the 
start of the test, and the input is then increased on each 
successive stop in equal increments. ‘The operation of 
the brake is automatic, but the operator must apply dead 
weights to a lift cylinder to obtain each increase in the 
input. The time to stop and number of revolutions to 
stop are recorded. The time cycle is set at 3 or 4-min. 
intervals to allow the drum to be reasonably cool be 
tween stops. The operating system of input to the brake 
is hydraulic (except for air brakes), and the output of 
all brakes is hydraulic. 

The controls of this dynamometer are sufficiently 
flexible to permit many variations of the several conven 
tional tests already mentioned. It is possible to control 
accurately and record the results of all brake tests; 
that is: 

(a) Control of input to the brake is accurate and 
graphically recorded 

(b) Control of speed is accurate 

(c) Torque output of the brake is graphically re 
corded for each stop 

d) Variations in deceleration from any speed and 
time to stop are graphically recorded 

e ) Temperature s are recorded 

(f) Energy absorption of any type of brake can be 
made equivalent to the corresponding vehicle 

(g) Road surface, tires, weather conditions, the hu 
man element, and other variable factors are eliminated 


Brake Drum Tests 
Motor Wheel Corporation’s tests were developed to 


show the drum condition and not brake or lining char 
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acteristics. Dynamometer load, brake and lining ay 
termined either by what the customer uses or | 
purpose for which we are designing the drum. 
Procedure for Running a Deceleration Curve. 
dynamometer is set to operate at a speed equival 
30 m.p.h., the interval between stops to be deter 
by the time required to bring the temperature o 
drum back to 100° F 
start of each stop. Four stops are made at each o 


.» Which temperature is used fi 


following decelerations: 5, 10, 15 and 20 ft. per se 
sec. A record is made of line pressure or cable pull, 
ping time, torque and drum temperature. 

Cooling.—Two couples are used in each drum, « 
the center of the ring 0.050 in. from the braking su 
and the other in the back, 4 in. from the braking 
face and between welds, rivets, or whatever meai 
used to fasten the back to the drum ring. The cou; 
the drum ring is connected to a Hoskins instrument 
readings are taken every 30 sec. These readings ar 
recorded on a Brown instrument for check. The co 
in the drum back is recorded on another Brown in 
ment. The third couple is placed in the air space ir 
of the brake assembly, and the temperature is cli 
at this point. 

The drum is heated up slowly by dragging the brak 
at 30 m.p.h., care being taken to give the assembly 
to absorb the heat evenly in order to get as uniforn 
sults as possible. When the temperature in the ri 
reaches 600° F., the brakes are released and the s; 
is changed to 60 m.p.h. for cooling. Temperature 1 
ings are taken every 30 sec., starting at 500° and « 
tinuing until 200° is registered. The time elapsed 
tween these two temperatures is the cooling time for t! 
particular drum. To approximate road conditions, a 
is used to direct a light blast of air over the brak« 
sembly during this test, and the temperature of this 
is also recorded. 

Distortion — Deflection readings are taken at the ope 
end 14” from the face of the drum; at the closed e1 
1,” from the back flange; midway between these tw 
from the braking surfac 


+} 


points; and on the back 14” 
Circumferentially around the outside diameter of 
drum, readings are taken at the anchor and opposite t! 
anchor; also, at the points where the toe, center and | 

of each shoe contacts with the drum. 

On these tests, machine speeds equivalent to 40, 6 
and 80 m.p.h are used. At each of these speeds st 
are made at a deceleration of 10, 15 and 20 ft./sec. 
for stopping time. 

Fade and Recovery.—The drum jis brought to roon 
temperature and ten stops are made from 60 m.p.h 
I-min. intervals at 15 ft./sec./see. deceleration. ‘|| 
speed is then changed to 40 m.p.h. and the time inter 
to 2 min. and ten more stops are made ‘o detern 
where recovery takes place. Readings of temperat 
line pressure or cable pull, stopping time and torq 
are taken for each stop. 

Destruction—The dynamometer is operated at 
m.p.h. until the lining shows about 75% contact. A st 
ping time of 8 sec. is used at the start of this per 
and this is gradually decreased to 4 sec. One hun 
stops are then made from 60 m.p.h. at 2-min. inter 
with a stopping time of 6 sec. Speed is then incr 
to 80 m.p.h. and the following stops are made at 3-1 
intervals: 25 each at 8 sec., at 6 sec., at 5 sec., an 
Lk sec. 

If the drum is still in satisfactory condition, the 
is increased by adding one disk to the flywheel and 
peating the 80-m.p.h. stops. 














By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. Y. 


tubes described heretofore were all designed pri 
ly for oscillographic purposes and are provided 
luminous screens and other requisites of oscillog 
Cathode-ray tubes, however, are used for other 
oses. For example, the current-carrying properties 
1 cathode ray can be utilized in order to make a 
ode ray tube serve as a relay, oscillator or amplifier. 
these applications a distinction is made between such 
es and the ordinary electron tubes (diodes, triodes. 
by defining a cathode-ray tube as one utilizing an 
tron stream that can be deflected or directed at will 
the application of suitable deflection fields. 





Fig. 1 


Chis distinction is subject to further defining, how 


ever, aS there are a number of border-line tubes which 


utilize directed streams of electrons for purely amplifi 

tion purposes, as for example the recent “beam” am 
plifier tubes, such as the 6L6. In such tubes the elec 
trons are confined to portions of the tube structure 
which ean be physically held to extremely close toler 
nees, such being necessary for optimum results. 

{nother interesting border-line tube is the ‘ype 787 
nonstration tube recently developed by Westinghouse 

hig. 1) in which the electron paths between the cathode 
the anode through the grid mesh are visibly out 
don the fluorescent coating of the anode.’ The effect 
xternally applied magnetic fields, for example, is 
irly visible. Such tubes are mainly useful in lecture 

n instruction. 

\nother class of tubes which more nearly comes with 
mmonly-accepted definitions of cathode-ray types is 
[ype 6E5 (and similar stvles). The 6E5, Fig. 2, is es 

n. Vacuum Triode with Fluorescent Plate. Instruments, Vol. 9, 


sentially a voltage indicator, with the “pointer-and-seale’ 
in the form of a fluorescent sector visible on a circular 
target, the angular shadow limits depending upon th 
potential applied to the control grid.” ‘The voltage limit 
is not large, a matter of about 8 volts being sutlicient to 
change the shadow angle a little over 100 degrees—its 
whole range. The angular change is not linear (se 
Fig. 3) so that the tube is mainly useful for indicating 


changes and trends rather than for exact measurements 
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6 —4 
GRID VOLTS 


The tube operates between two rather definite input | 
its. from zero to eight volts negative on the control el: 
ment. The actual range can be increased by biasing the 
tube a definite and controllable amount below cutoff, so 
that the tube will function only when the input is suffi 
cient to counteract this bias. 

This application of cathode ray tubes as “limit ind 
cators” will be described in further detail in later ar 


cles dealing with certain industrial applications. 


DEFLECTION CONTROLLED OSCILLATORS 


One of the earlie st ipplic itions of a eath vce ray ) 
non-oscillographic purposes was the cathode-ray swit 


designed by Vreeland in 1906: an ose llator, as in | or. 4, 


oT \ \ } +r | ® | 
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NEGATIVE GRID BIAS 








for generating audio frequency potentials. A cathode 
ray stream, capable of carrying relatively large currents 
s generated in a bulb T' by the cathode which takes the 
form of a pool of mercury. This stream is deflected back 
ind forth between anodes | and A. by two deflection 
coils, L, and L,. These coils are polarized so that if the 














Fig. 4 





— 
as 





ray strikes either anode, the field deflects the ray over 
to the other one. This back-and-forth movement is stab 
ilized by the tuned circuit L,-C,-L-C,-L,-C as shown. 
The choke coils in the leads to the anodes are necessary 
parts of the circuit, limiting the current in the tube, and 
introducing voltage surges at critical moments. ‘This 
action is regenerative, and sustained oscillations are ob 


tainable with relatively large power output. 
FREQUENCY MULTIPLIERS 


Other investigators have extended this general prin 
ciple to the generation of multi-phase oscillations, and 
to frequency multiplication, but many of their schemes 
do not use the regeneration principle but require the 
ipplication of a control frequency from = an external 
source, 

\s an example, Hough discloses” a generator for three 
or more) phase currents using a cathode-ray tube. Here 
the control frequency is applied to a rotator circuit (see 
April article) so as to direct the ray along a circular 
path on the sereen. The ray successively strikes three 
targets located at the end of the tube. The current 
pulses collected by these targets feed through three 
similar vacuum-tube amplifiers into a three-phase trans 
former, and thence to a three-phase load as required. 

Another application, by Hund, is a frequency multi 
plier.” This principle is not unlike the above except that 
1 single target is used with a plurality of arms, i.e., a 
multi-pointed star. As the ray falls on the various arms 
of this target, as it passes along its circular path, it 
creates a series of pulses which are suitably amplified. 
The frequeney multiplication factor is therefore exactly 
equal to the number of arms on the target. 

Several applications of similar principles have been 
shown by Marrison.° In one form, two identical targets 
ire used each having a number of radial arms or spokes, 
SOT what like those described by Hund. These targets 
ire located in parallel planes coaxially with the tube. The 
spokes of these targets alternate so that the ray falls 
ilternately on one target and then on the other. The 
pulses due to the charge deposited by the ray are fed 
to the two input leads of a push-pull amplifier and thus 
i frequency is produced that is an exact multiple of the 
frequency applied to the rotator circuit. 


Hough. M for Generating Three-phase Currents. U. S. Patent 


tHund. Fr ney Multiplier. U. S. Patent No 
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This principle has been extended by Marris: 
other uses, such as the determination of phase diffe: 
and as an indicator or alarm when two independen 
quencies (one being a harmonic of the other) get 
phase. A star-shaped metal target is used here als; 
the number of arms on the star equivalent to th 
of the harmonic. The fundamental frequency is u 
rotate the spot along a circular path, while the 
frequency is applied to the anode circuit, so that it 


nately increases and decreases the anode potential] . 
changes the sensitivity of the deflection system, s r 


a star-shaped figure results, having the same numl 
points as the target. The size of the figure is adj 

so that the figure follows the contour of, but just 1 
hitting the target. If the phase difference betwe: 
two frequencies changes by a small amount, how 
the ray will hit the target and manifest itself on a: 
amplifier. 

Heintz has extended this process by incorporating 
modulating arrangement in a multiphase generating 
cuit which is somewhat similar in principle to | 
above. Three-phase currents are obtained by the u 
three spoked targets (coaxially arranged) with th 
spokes alternating, so that the rotating spot hits 
successively. A coaxial solenoid around the tube is fed 
by a direct potential of a value sufficient to focu 
spot as required. A voice current amplifier also feeds a 
alternating potential in series with the fixed poten 


across this coil and, by altering the focus of the spot. 


modulates the output power. 


ELECTRON RELAYS 


Other tubes with metal collectors in addition to, o1 
lieu of, fluorescent screens, have been used in other 
ways. One application requires a target inside of t! 
tube, cut out to the shape of the normal figure exp 
for some specific use. If the conditions change for s 
reason and a variation in the shape of the oscillog 
occurs, an alarm is sounded or a signal is flashed. 

Specific examples have been disclosed in several 
British patents. A patent issued to Watt’ uses a cathod 
ray tube as a radio direction finder, wherein two crossed 
loops are connected to the pairs of deflection plates. 
normal indication is a radial streak of light. By rotating 
the loops this line can be made to coincide with a1 
row metal target placed inside of the tube near 
screen and connected to some alarm device. The e¢! 
trons striking the target produce a current to opera 
suitable relays. If the direction of the incoming rad 
wave changes, the line of light will no longer coincid 
with the target, and the alarm is sounded. 

Seymour and Horton® have suggested a variatior 
this device in which the screen is in the form of 
strips, or else sectors of circles with a small radial 
between them. The normal movement of the ray in d 
tion-finder work is a line that is adjusted to this 
For this purpose external deflection plates, that ca 
rotated around the tube, are suggested. If the dir 
of the incoming wave changes, the ray will hit one 
other of the targets and will operate some desired 
of indicator. 

Still another plan® uses a circular target from v 
a small “pie-shaped” sector is cut out, and insu! 
from the rest of the target. When the incoming 


6Heintz. Frequency Converter. U. S. Patent No. 1983172. 

TBritish Patent No ) 63: also The Cathode Rav Os 
Radio Research, by Watson-Watt. His Majesty’s Statior 
I 


} 
ndon 


17 


8SBritish Patent No. 247344 
British Patent No. 28023 








roduced a vector change in the potentials, con 


d to the deflection plates, the ray moves over to the 


target. 


ese three devices in general vary only as to the 


of the metal targets. 
iils of the practicable direction-finder circuits will 
scribed in a subsequent article. 


CANAL RaAys’” 


though positive ions are not of primary interest in 
ple study of cathode rays, still they have consider 
effect upon the operation of the tube. The passage 
ithode rays through a rarefied gas produces ioniza 
by impact with the gas molecules. The positive ions 
ited in this way are attracted by the cathode and by 
other negatively charged electrodes. 
(his action furnishes a clue to the peculiar effect of 
broken glow column observed in early Crookes and 
Geissler tubes. After the negative electron leaves the 
iode it rapidly increases in velocity. Until it reaches 

















Fig. 5 


i certain velocity, however, it is incapable of causing 
ionization by impact with molecules. Thus a certain 
space interval is found between the cathode and the 
region of glow. The ionized particles created have a 
positive charge and travel back toward the cathode. 
After gaining a certain speed these ions are also capa 
ble of causing additional ionization; thereby producing 
the region of glow that surrounds the cathode. If the 
cathode has one or more openings in it, some of these 
ions will pass through to the end of the tube. 

These positive rays passing back from the cathode ar 
generally known as canal rays. Fig. 5 is a sketch of a 
tube that shows these effects. The canal rays are made 
visible by the fluorescence of the gas or the glass in par 
tially evacuated tubes, and are usually an orange-red 
color. , . 

Canal rays are also capable of being deflected with a 
magnet and, having a positive charge, their deflection 
s opposite to that of cathode rays. Their velocity is very 

uch slower than that of cathode rays and so they are 

ipable of producing only a slight fluorescent action 
‘compared with cathode rays. 


LENARD RAys:”? 


Nearly fifty years ago Lenard demonstrated the pos 
bility of projecting cathode ray streams through the 
velope of the generating tube. His first experiments 


1 a small window, less than a tenth of an inch in 


Jempster Properties of Slow Canal Rays. Phys Ll Rez Vi 
pages 651-662. 
rs. Zur Mechanik der Canal und Kathodenstrahlen 
ysik & Chemie, Vol. 69, 1899, pages 167-201 


. Canal Rays. Bureau of Standards Jours 
3, 1905. 

f ‘ 

facGregor, Morris and Mines. Measurements with tl ( 

scillograph. Journal Institute of Elect» | Engineer \ 

pages 1056-1096. 
\ } > 1 1 
Wood. Recent Developments in Cathode-ray Oscillography 

f Electrical Engineers, Vol. 71, 1932, 





diameter, covered with a metal foil. This tube was oper 
ated at high anode potentials 100 kv.). The percent 
age of electrons that will pass thickness of window de 
pends upon their velocity. A loss of intensity will be 
encountered in any case, and upon emergence the rav 1s 
quickly absorbed by ionization of the atmosphere, so 
that their effects must be studied within a few inches 
of the window. The range in air is approximately pro 
portional to the fourth power of the velocity. 

The window must also withstand the pressure of the 
atmosphere so that if larger windows are used they must 
be reinforced by a metal grille. Besides, this thin foil 
is more or less porous so that a vacuum pump must be 
connected at all times that the tube is in use. 

As an example, an aluminum sheet 0.0005” will pass 
better than 50% of th ray when a 70-kilovolt anod 
potential is used. The absorbed ene rgv is partially dis 
sipated as heat, X-rays, ionization, ete. 




















¢ 


Dr. Slack of the Westinghouse Lamp Co., has built 
Lenard tubes with a glass window about 0.002 mm. 
thick.’” This window in its usual form was of the shape 
shown in Fig. 6 where JV is a thin coneave bubble of 
glass drawn inward from the end of the tube 7’. This 
shape protects the fragile glass window. Glass of this 
thickness will pass the rays about the same as aluminum, 
and has the advantage that the tube will hold its va¢ 
uum and can be sealed off from the pump. Fig. 7 shows 
the commercial form of this tube, known as ‘Type 
WL 785. The window of this tube is of such a shape 
that oscillographic records are difficult to obtain, by rea 
son of impracticability of placing sensitive film next to 


the window. The glass is so thin that even the slightest 


mechanical pressure will cause it to shatter. 
The anode end of the tube is internally gold plated 


and the window proper is coated with thin aluminum 


S nard R I th G 


\ 
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foil to reduce the charges which might accumulate at with metal windows for oscillographic purposes 


that point Focusing conditions have been prede tubes may have an advantage for the study of tra 
termined and no external controls are required. A tung surges or lightning, where the high transverse sp: 
sten filament requiring approximate ly forty watts is the spot requires direct exposure of the film to th 
used. The normal anode potentials used are from 100 without the intermediate fluorescent screen, for a 
to 250 kilovolts. factory record. Fluorescent screens are at best 
A tube described by Coolidge employed a metal with low-speed rays and fail to respond to high 
foil window, reinforced by a metallic grid backing. ‘The velocities with increased brilliance. The Lenard 
foil was 0.03 mm. thick but even at this thickness a even with the inconveniences of the continuous e 
small amount of air passes through, and a four-stage tion, limited screen area, and the lack of a simultar 
mercury diffusion pump was permanently connected. visual monitoring arrangement during the recordi: 
Voltages up to 900 kilovolts were used with this type, terval, probably has a greater operating simplicity 
and an intense beam was obtained. a tube which must be dissassembled each time it is 
A number of Lenard tubes have been constructed and reloaded with new film. 


However, the main application for Lenard rays 
to be in the chemical, biological and physical fields, 
West rd 1 \ , where many new principles have already been d 
( \ M . t S \ f Cathode Rays Outside ered. 

ve » pages 413 A brief outline of a few of these discoveries 
( & M \ f High-volt Cathode Rays been obtained from the Westinghouse Lamp Co. r 
ing to the above-mentioned WL 785 tube. Exposur 
\ 26, "= plant tissues to Lenard rays has resulted in ra 
\ "1929. prompt drying up of exposed portions. Bacteria 
= Tae killed with even short exposures, and fruit flies 
\ 0, ; other insects are promptly killed. Fluorescent tests 
visual investigation in a dark room have shown tha 
electrons produce an elongated spherical field be) 
\ r Kath sradlnceili the end of the window. which has a field of influ 
, Vol. 11 up to about 12 inches. All fluorescent materials will ¢ 


& K h. Kat nstrahle 1 ender upon exposure, and calcite produces scintillations 
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ole of the line current. Structurally, the induction regulator r 
] 
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4. The Regulation of A-C. Feeder Voltages. 


The ease with which the principle of the transformer may be applied in 
ng and lowering voltages renders the regulation of individual feeders 
ependently of the generators a thoroughly practical engineering matter 
iwh a discussion of the induction regulator and the multiple-tap trans 
rmer is not within the scope of this work it may not be amiss to outline 


general operating principles.'” The induction regulator is essentially a 


stTormer having a portion of 1ts magnetic circuit movable, sO that the pro 


t 


| 





Fig. 48-17a Fig. 48-17b 


ion of the primary flux linking with the secondary may be varied through 
vide range without materially changing the total impedance of the system 
turn ratio may be in order of 10/1, and the secondary winding carries the 
| ; esembles an 


luction motor, and either the primary or the secondary winding may be 
ried by the rotatable member. Fig. 48-17a shows the general appearance of 
interior of a Westinghouse induction regulator, the whole operating in oil 
1 suitable tank, as shown in Fig. 48-17b. The instrument at the top is a 


inical position indicator operated by cables from the rotor and calibrated 
terms of the percent by which the line voltage is raised or lowered 


The theories of operation of single-phase and polyphase regulators differ 
iterially, in that in the former the actual value of the secondary voltage 1s 


1 


} 


ried, while in the latter the phase positions of the three secondary voltages 


For a complete discussion of induction regulators ee 
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| een 7, a ee ; 
are changed in relation to the primary voltages. Thus, while for pur; 


itting an induction regulator into or out of circuit, the secondary win 
1 single-phase unit may be temporarily short-circuited when the regulat 
unregulated voltages are of equal value, this 1s not possible with a pol 
regulator, and special expedients must be adopted in order to cut such 


nto or out of circuit without a momentary interruption of service 

The multiple-tapped transformer may take any one of a variety of f 
secondary winding or a portion of the primary winding being provid 
taps brought out to contacts on a dial plate or the equivalent, and pr 
being made for including more or less of the windings in circuit as re 
Special provision must be made for changing taps under load, in ord 
short-circuit currents may not flow at times when two or more conta 
bridged by the traveling contactor or brush. In general, it may be 
‘-e available transformers through which a voltage may read 
by rotation of a shaft. Thus, it is possible to control the v 
an outlying feeder by practically any of the methods applicable to tl 
matic adjustment of a field rheostat. 

Induction regulators are generally supplied as units, each including a pr 
ind a secondary relay. The primary relay, such as Fig. 48-18 (Westingl 
is in the nature of a contact-making voltmeter having an operating 
d to the zone of regulation, and serving in turn to actuate the sec 
relay. The latter is a magnetic contactor giving reversible operation to 








Fig. 48-19 


Fig. 48-18 





duction motor. A “line-drop compensator,” supplied as standard equi 
with feeder regulators, is an auxiliary network by which a voltage depet 
upon the value of the line current is caused to act in conjunction with th 
voltage in governing the pull on the plunger of the primary relay. As tl 
portional effect of the line current may be adjusted for current and phas 
conditions, it is possible to give the regulator any desired degree of over 
pounding. As feeder regulators are practically never operated in paral 
their regulated sides, it is not necessary to provide auxiliary devices t 
the sharing of active or reactive volt-amperes 

Induction regulators are regularly available in a great variety of ratings 
the small pole-mounted unit of a few kilowatts, such as the G-E branch 
step-voltage booster shown in Fig. 48-19, to station and outdoor-typs 
apable of regulating feeders carrying a load of 1,000 kilowatts or m 


5. Regulators with Static Sensitive Elements. 


As previously pointed out, the term “static” is here applied to thos 
of measuring elements in which mechanical movement does not take p! 
contrasted with those forms of elements which are the equivalents of or 
voltmeters of various types. In the “kinetic” class of elements the tende: 
to effect a balance between a force which varies with controlled volta 
another force which is substantially constant in value. In sensitive elemet 
the static type use is made of other phenomena which vary with elec 
conditions. These have already been classified as: Type 3 


circuits; Type 4 


“4 1 
Saturable mag 


Electron tubes: Type 3——Circuits utilizing non-line 


. ] ] 1 +} ey: ] - 
sistances. In the final analysis it may be claimed that practically all t 
devices make use of non-linear characteristics; but in this grouping 








rh 


C of the core normally operates slightly below 


As the line voltage rises, the increase in satura 
tion of this part tends to force a greater pro 


path B, increasing the excitation in a winding 








ught desirable to segregate non-linear resistances as having a property 
more or less inherent in saturable reactors and certain electron tubes 
- more of these principles are so frequently found combined in mod 


ilating devices that a complete classification is impracticable; and the 
to be discussed will be grouped according to their primary sensitive 
ts. It is manifestly impossible in these pages to describe, or even refer 


measuring 


sub-type of regulator utilizing these three types of “static” 


( he Saturable Magnetic Circuit. 

non-linear characteristic of magnetic circuits due to saturation of ferrous 
ils has been applied in many ways in the regulation of generator poten 
d of the voltages and currents derived from acc. lines supplied from 
lated sources or carrying variable loads. The saturable-cored reactor 
n used as a regulator of electric systems since as early in 1901,'! but it 
within the last decade that its application has become of prime impor 
The operating principle is essentially based upon the fact that the self 

itual-inductance of a reactor system depends upon the permeability of its 

etic circuit, and that the permeability of a certain specimen of iron is 

tely related to the flux which it carries. 

[here may be said to be two general classes of regulators in which the prime 
nse is based on magnetic saturation. One of these, particularly adaptable 
nall line or feeder regulators, is of the type in which the current flowing 

vused to vary the saturation, and hence the permeance, of a part of the cor 

i transformer device, and thus affect either the total reactance in the electri 

cal circuit or the value of an auxiliary voltage added to, or subtracted from, 
that of the outgoing feeder.'*-'* In the other type, variations in the regulated 
ltage are detected, amplified and rectified by means of thermionic tubes or 
other devices, and the direct current so derived caused to modify the degree 
saturation of the core.’® As either or both of these principles may be com 
ned in a system wherein a derived current is supplied to the field of a gen 

} 


erator, the use of the method will be seen to have many ramifications 


Small Feeder Regulators. 

The general action of the saturable-cored 
transformer in line regulation will be under 
stood by reference to Fig. 48-20, which is an 
elementary diagram of a small regulator built 
by the Sola Corporation."® The portion A ot 
the core functions as a step-up auto trans | 
former; and, when the line voltage falls below (|! A 

ey 
| 
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a a a al dl 
































1 predetermined limit, acts to build up the 
utgoing voltage to the proper value. The arm 
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knee of the saturation curve of the iron. 
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rtion of the flux through the high reluctance a sal Fig. 48-20 


ch tends to oppose the effect of the main winding, and tending to main 
ie voltage at a predetermined value. 

other form of line regulator utilizing magnetic saturation is exemplifiec 
Raytheon device’ available in single-phase units up to a rating of 2 
vatts. This regulator utilizes two transformers with their respective pri 


> 


‘s and their respective secondaries in series. One transformer operates 
lerate magnetic density, and the other at a value approaching saturation, the 
being partially resonated by means of a capacitor. The 
is governed by the saturation of the transformer, introducing into the 
rk a voltage vector varying in value and phase position with 
line voltage. The output voltage is made up of two components, one 


the potential across the resonant system: and, by proper proportion 
; 


dest ee OT Tes 


cnanges 


the elements of the network, the change in value and phase relation « 
> components is caused to result in a substantially constant output voltag 


1 considerable range of primary variation 


2p . “ ‘9 anes os ¢ } > tr n 
se two regulators represent a ynsiderable Variety now avallaDit S 
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> No Fy er } 
De ee No 328 njiar (det 
Pa t N 1,83 } Nov 
1 nd J. Kuh ati \ 
Jan. 193 : 
S. Patent No Ct 1 
». Patent 1.8 ros 4 
S. P 8 & 5. W. K. 1 D 








REGULATOR 


SoM 4 








For Steam-heat 
Process Control 


NATIONAL INSTRUMENT & 


COMPANY 





SELF - CONTAINED, 
DIRECT READING, 
RUGGED AND 
FOOL-PROOF 


Unique construction 
enables operator to 
rapidly determine 
temperature even 
on minute spots, 
fast moving objects, 
or smallest streams; 
no correction charts 
—no accessories, 
PYRO OPTICAL Is 
now available in a 
new type with three 
separate, direct- 
reading scaltes— 
ideal for steel mill, 
open hearths, soak- 
ing pits, lahborato- 
ries, ete. 

Stock Ranges: 

1400° to 5500° F, 


PYRO RADIATION 





103-107 LAFAYETTE ST., 






























Write for special bulletins 


THE PYROMETER INSTRUMENT CO. 


NEW YORK, N. Y. 
GRANT BLDG., PITTSBURGH, PA. 














\ 


INST RI 


7) 


$f) 


I 


EN ES 


+Q- 
as 

















TEST MAGNETIC 
PROPERTIES 
OF YOUR STEELS 





RAWSON FLUAMETER 
SIMPLEST AND MOST EFFICIENT 


Photo Electric Cells —‘‘Electrocell” 


S il A tus Built to O 


RAWSON 
ELECTRICAL INSTRUMENT CO. 
Cambridge, Mass. 

Branch: 91 Seventh Ave., New York City 


Representative: f N. Webber, 
1217 Washington Boulevard, Chicago, II 














Without opening circuit to insert an am- 
meter you can measure alternating current 


RUBICON 


by using 








nen ne 








SPLIT CORE 


[2.61 6&1. 


His y useful it checking motors 


t le {ces 1K id, pert rr 
i N ind phas¢ balance wit! out it 
erte y with perati Simple 
cu ec d ext Nsive Ra ges 
i , imps 


RUBICON ‘COMPANY 


29 North ‘Sixth St. Philadelphia, Pa. 





INSTRUMENTS 


Page 238 Vol. 9 





reneral they give satisfactory control so far as the effective value of th 
is concerned; but variations in the frequency of the supply or in tl 
factor of the load, the relatively great magnetizing current required 
output wave limit their use to non 
sumption 


cnaracterl torm, 


circuits of small power con 


The saturable been effectively combined sep th 


rcuit in the recently introduced Westinghouse “Type CR+1, Sl] 
ulator suitable for use on small (<100kva) generator units is maint 
control of the generator voltage by adding the regulator current outp 


~ ] 
exciter Neild current 
1] 
rull-wave 


This output consists of two components deri 
rectifiers, one producing a current proportional! 
normal, and the 
48-2l isa 
regulator’* so drawn as to bring out its three functional divisions, « 
1g unit,” “compounding unit” and “ 
hat the saturable-cored reactor (shad 
ll t and that it is in fact 


as well 


Separate 


; ; 
: ara . “> } > > 4» 
deviation of the regulated voltage from 


other 
: 

from a current transformer in the a-c. bus. Fig diagran 

“voltage-measuri 

unit.” Note however t 

hree “units 


“brain 
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| > Jing | Me 
- le ee A Voltaee-Correctinge Unit |, Mes 
Fig. 48-21 be nf 





sidered first. It 


' > cine l¢ > erp 4 ¥ + ’ 4 bal ’ y > 17 + , } > 
The “voltage-correcting unit” may conveniently be c 


sists Of the saturable-cored reactor, in series with a full-wave rectifier B 
s energized from the a-c. bus. The exciter field current passes thr 

il C, partially saturating the iron, and holding the reactance at a1 
mediate value when the core is subject to no other magnetizing eff 


represents a stable condition; and normal excitation is obtained from 


g ve full-wave rectifier A, suppli 


ompounding is obtained from tl 
| 


the current transformer and adding its output to the field current 
The voltage-measuring unit consists of two full-wave rectifiers 


ea IIo] t > t rp tran “7 “+ 4 neo wy TTP sth ) #17 

parallel to the voltage transformer VT, one in series with an ir 
1 | 5 | ~ 1 T 

and the other through a resistor G. The d-c. outputs 1f thes 


( 
, , 
fiers act in Opposition in separate windings R and L on the middle 
| 


: 4 eee -] “1 is. : | 
the reactor. Current in coil L will vary directly as the voltage, while, 
in reactor F, the variation of current in <¢ 


Adjustment is mad 


turation of the iron core 
bear a non-linear relation to changes in voltage 
the characteristic curves of these networks cross at a value represent 
correct voltage. If the bus voltage drops below the set value, current 
magnetizing the reactor in the same sense as coil C 


perm! ttl 


1] ie x 
will predominate, 


reactor impedance, and 


the v tage 


le Saturation, decreasing tne 


rectified current to flow in the exciter field. If rises above 
he output of the saturated reactor F increases more rapidly, and its 
: 

output flowing in coil R tends to increase the saturation of the main « 


increasing the impedance and lessening the flow of rectified current 


exciter field 
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SENSITIVE RELAY | =. 
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ple, sturdy. 
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inexpensive. 
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Illustrated 
bulletins 
free. 
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accurate gas pressure. 


ird 5-prong tube socket. 


r 
» & 





e@eeoeee#e¢e. 
os. we 





A useful adjunct to gh Outpu Max 
. V.T. controls Electric Vacuum Gauge Drift ae tey Sar 
Supervisory and alarm circuits (Pirani ty ‘ 
Signalling eS 
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MANUFACTURERS’ 
NEW LITERATURE 


In this department we list each month the printed 
matter issued by manufacturers. Unless otherwise 
noted, any of the items listed may be secured free 
upon application to the issuing firm. 
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INSTRUMENTS 
1117 Wolfendale St., Pittsburgh, Pa. 


Have me supplied with a copy of each 
piece of Manufacturers’ Literature listed 
below. 
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City 


NSTRUMENTS 
re 240 Vol. 9 


l-approved instrument 

i safety device for use on 

ndustrial ovens. The Bristol 
erbury, Conn. 

Solving Industrial Crimes. 

booklet describes the ap- 

recorder in a mu- 
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Motors. Leaflet 
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1253 Air-operated Controllers. 6-pag: 
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Surface Temperatures 
The “Alnor” 
Combination Pyrocon 


Ideal for rolls, molds, 
plates, platens and 
plastic material temper- 
atures. 
Write for bulletin. 


Illinois Testing Laboratories, Inc. 
142 W. Austin Ave. Chicago, Iilinois 
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